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PREFACE
丁his thesis contains my research work on the evaluation of soundness of river
water environment perforrned at the Division of Sustainable Energy and
Environmental Engineering,(Dsaka University,(Dsaka,」apan.丁his th sis is dlvided
into six chapters describing general introduction, rrlaterials and methods, results of
rnicroarray analyses employing three types of microarrays which target bacterial
genes related to various environmentalfunctions,eubacteria and pathogenic bacteria,
fo‖owed by general conclusions. Apart frorn these six chapters, there are two
appendices: describing a case study perforrrled to evaluate the quality of landfi‖
leachates and list of DNA probes spotted onto the rnicroarrays used in this studyl and
heat maps,showing the abundance of eubacterla in different river water samples,
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CHAPttER l
Gene囲1lntndudion
1.l Necessity of biological indicators for evaluating environmental
soundness
Freshwater supports the livelihood of alrrlost every terrestrial habitat. Howevett the
freshwater resources are ‖rnited nd can only be replenished by natural ways.
NevertheleSs,populatlon growth and industrial development have led to the discharge of a
variety of po‖utants into the aquatic environment,which can resultin adverse efFects on the
ecosystem such as reduction/loss of blodiversity7 biologlcal purification function and
elementa1/material cyc‖ng fun tions.Therefore,careful rnonitoring and rnanagement of the
soundness of aquatic environment is quite important to conseⅣe the aquatic biodiversity
and functions from the dlsruptlon by anthropogenic po‖utions.
Evaluation of aquatic environmental quality has been carried out, mainly based on
physicocherrlical vvater qua‖ty indicators. Physiochenlical indicators are used to measure
various rninerals,dissolved salts or suspended impurities present in、″ater.Although these
indicators are useful fbr understanding the status of environmental po‖ution,they cannot
predict the influence ofthe po‖tion on the natural ecosystem.
Therefore, various countrles and international organizations have recently tried to
estab‖sh novel,comprehensive evaluating system for aquatic environment,focusing on the
ecosystem and water circulation system. Arnong these trials, biological indicators have
received a lot of attention.Table l-l shows various biologicalindicators suggested in」apan,
USA and the European Union. These biological indicators lnclude macrophytes,
invertebrates and vertebrates. There has been no evaluating system focusing on
rnlcroorganisms.ヽ4icroorganisms play a vital role in the cyc‖ng of e me ts/rrlaterials and
breaking down organic rrlatters or other po‖ut nts.ln addition,several rnicroorganisms are
pathogenic and can pose health hazards to plants, anirrlals and humans,which lead to
serlous ecological and econonlic damage.Therefore,rnicrobial indicators、〃ould b  helpful
to understand/assess the soundness of whole ecosystem.Although several studies have
very recently evaluated bacterial species as indicators for predicting water quality
(SaViChtCheva et al., 2006; Fleld et al., 2007: Pronk et al., 2007), more deta‖ed and
systematlc study is needed to estab‖sh rnicrobial/bacterial indicators for evaluating the
soundness of aquatlc environment,
… 2¨
Table l‐l Blologicalindicators for evaluating aquatlc environments in various countries
Countrylndicator organism   Measured parametersReference
」apan Benthic invertebrates   Species richness,abundance,diversity
Species richness and composition,number of
indicator species,abundance,condition
Species richness and composition
Specles r!chness
Ministry of Environment
and
Ministry of Land,
lnfrastructure,丁ransport,
and Tourism
」apan
Fish
Macrophytes
Arnphibia,repti!e and
mammal
U.S.A Fish
invertebrates
Pe‖phyton
Macrophvtes
Species richness and composition,number of
indicator species,abundance,condition
Composition,abundance,diversity presence of
sensitive taxa
COmposition,abundance,diversityl presence of
sensitive taxa
Compositioni abundance
U.S.Environmental
Protection Agency
European
Un:on
Benthic invertebrates
Macrophytes
Benthic algae
Fish
Phytoplankton
Composition,abundance,diversityl presence of
sensitive taxa
Composition and abundance,presence of
sensitive taxa
Composition and abundance,presence of
sensitive taxa
Composition and abundance,sensitive species
diversity age structure
Composition,abundance and plankton booms,
presence of sensitive taxa
European Environmental
Agency
1.2 Microbialindicators targeted in this study
Tb estab‖sh microbialindicators for assessing the soundness of aquatic environment,
this study focused on functional bactetta,lotal bacteHal community dlverslty(cOmposition)
and pathogenic bacteria.
1.2.l Functional bacteria  The matetta1/elemental cycles in nature(suCh as carbon,
surutt nitrogen etc.)are greaJy dependent on the role of microorganisms.Microorganisms
transforrn/degrade po‖utants to acquire energy and compounds to support thelr lifecycles.
丁his in turn reduces the po‖tant burden frorrn the environment. Several studies have
revealed that rnany bacteria with different characteristics perforrrl a sirn‖artask of po‖utant
decomposiJon and coexlstin harmony in an inter―depende t communi y(Wu et al.,2001;
Taroncher-01denburg et al.,2003;VVilmes et al.,2006).Such bacteHal communiJes are
referred as functional bacteria in this thesis.
丁he material/elemental cycling functions of rnicroorganisms are encoded on specific
genes、″hich transferred within difFerent rnicroorganisms during the process of evolution.
Environmental po‖ution greatly affects the variety and abundance of rnicrobial species,and
consequently causes the shift of gene rnatrices.丁hus,the variation in occurrence of those
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genes which are usefulin reducing environmental po‖utant can be helpfulto evaluate the
soundness ofthe ecosystem
l.2.2 Total bacterial community    several researches have targeted the
freshwater bacteHa to understand the occurrence and fate of bactettal communities(Sigua
et al.,2000;Traister et al.,2006;llVinter et al.,2007).lt haS been known thattotal bacterial
community and specric bactettal lopulaJons vattes naturally and anthropologically
(Wake‖n et al., 2008). ln particular, po‖ut n s(nut ients, xenobiotics, etc.)influx from
various anthropological activities into the river environment leads to a shiftin the structure
of the ttver's micЮbial communtty(Crump et al.,1999;Rubin et al.,2007).
1.2.3 Bacterial pathogens  Health ttsks are often caused by pathogens whlch may
be dorrnant and presentin lowerfrequency in nature.Emerging and re…emerging diseases
pose newerthreats to rnankind.Overthe last decades,pathogen risks have been assessed
based on several fecal indicators‖ke(feCal)cOlifOrms.Howevett these indicators are not
necessarlly useful to predict the risks fronl pathogens that cause emerging and
re―emerging diseases.in addition,recent several systematic studies have revealed that the
fate of several important pathogens present ln the aquatic environment does not show
correlation with indicator bacteria currently used as the hygienic indicator(Lemarchand et
al.,2003;HOrrrlan et al.,2004;A/1aynard et al.,2005:Dorner et al.,2007:Savichtcheva et
al.,2007:Waners et al.,2007).TherefOre,たis urgent to fully eluddate the ttnds and
numbers of pathogens present in surface waters to access the hygienic safety of aquatic
environment.
1.3 DNA microarray for comprehensive rnicrobial rnonitoring in aquatic
environment
Asthe vast m司OHty of environmental bactena are uncunurable(Amann etal.,1995),the
use of culture―independent rnoleculartechniques is helpfulforimproving our understanding
of their fate in the environment.Several techniques based on polymerase chain reaction
(PCR)such aS PCR―denatuttng/temperature gradient gel electЮphoresis(Ri sn r e  al.,
1989;Muyzer et al.,1993),terminal restHcJon fragment length polymorphism(Liu et al.,
1997)and DNA microarray analysis(Guschln et al., 1997)have been applied in the
microbial ecology.Among them, DNA microarray technology is a powerful tool as it can
sirnultaneously detect tens or hundreds of thousands of genes from a single sample
(Gentry et al.,2006),thuS enabling the detailed analysis of complex microbial communiJes
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in the environment.in DNA microarray analysis,the working principle is based on the fact
that[〕NA probes ofthe known bacterial species are rnounted on special glass s‖des.丁he
DNA extracted from a sample is amplified and fluorescently labeled through a PCR or
reverse transcription―PCR,and the fluorescently labeled DNA is then hybridized onto the
s‖de.After hybridizatlon the glass s‖de is scanned for analyzing the signal intensities for
each spot to deterrrline the relative abundance of target species.
Slnce it was irst repotted by Schena et al.(1995),micrOarray analysis has become a
huge success in every field of microblology. Very recentlyJ this method has been
extensively app‖ed to study rnicrobial corrlrnunity in natural ecosysterrl such as river waters
(DeSantis et al.,2005:Loy et al.,2005; Pep‖es et al.,20 6;ヽVinter et al.,2007).Some
specific app‖ations of[)NA nlicroarrays have been reported such as a DNA microarray to
target the 1033 functional genes related to the nitrogen cycle and sulfur reductlon in a
quantitative way(丁iquia et al.,2004).Sirrl‖a‖y,detection of pathogens by DNA microarrays
have been reported ln wastewater(Lee et al.,2008),日ver Water(Maynard et al.,2005)and
wastewater treatment ttants(WWttPS)(Sa輌Chtcheva e 翻.,2007).
1.40珂ectiVe Of this thesis
As described above, microorganisms can be useful indicators for assessing and
conserving the soundness of aquatic environment. Howevett to estab‖sh mic bial
indicators, norrnal variation of target rnicroorganlsms depending on the season and their
shift in accordanCe with anthropogenic envlronmental burden should be understood in
deta‖.Therefore,in thls studyJ total bacterial cornrrlunityl specific functional bacterial genes
and pathogenic bacteria in surface water samples co‖ected seasona‖y frorn two rivers,
Yodo River and Kita Rivett in」ap n were analyzed using DNA rnicroarray technique to
obtain the basic knowledge (their distribution and variations in the natural aquatic
environment)for eValuating the soundness ofthe aquatic environment.
Chapter 2 provides the deta‖s on riverine samples analyzed in this study and rnethods
for[)NA extraction,amplification oftarget genes and DNA microarray analysis.
ln chapter 3,the seasonal occurrence and distribution of the functional bacterial genes
in river water vvere analyzed using a DNA rnicroarray that vvere mounted a total of 85
bacterial genes related to carbon cycle,chernical degradation,nitrogen cycle,sulfur cycle,
metal metabonsrrl, and energy flow. Based on the results, the genes were grouped
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according to detection frequency to pick up the candidate indicators for assessing the
environmental soundness.
ln chapter 4, the bacterial specles present in the river water are analyzed, and the
impact of vattous factors(effect Of water hold―up in a dam,effluents from WWTPs and
seasonal vaHalons)on the cOmposiJon of bactettal communlty in ttver water were
discussed in deta‖.
ln chapter 5,the occurrence of bacterial pathogens in river water was analyzed using a
DNA rnicroarray targeting 1012 species/groups of bacterial pathogens a‖ including
Blosafety level(BSL)2 and 3 pathogens and other opportunistic pathogens,ln addition,the
resutts from DNA mlcroarray were compared wtth tradiJonal hygienic indicators(tOtal
coliform count).
in chapter 6,the results obtained from DNA microarray analyses targeting total bacterial
cornrrlunity,functional bacteria and bacterial pathogens vvere surnrnariZed and an overa‖
understandlng of the riverine nlicrobial cornrnunity was presented. Fina‖y, an exclusive
scheme for evaluatlng the soundness of river water environment based on mlcrobial
lndicators、″as proposed.
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CHAPttER 2
etho s
Sampling stations
River water samples analyzed in this study were co‖ected from vvo riv rs,Yodo River
and Kita Rivet flowing in the Kinki distrlct of Japan as shown in Fig.2-1.Yodo Riveris the
largest river vvithin the Kinki district,vvith a rnainstream length of 75 krTl and catchment area
of 8240 km2.Yodo River has 14 dams to partly controlthe water flovv and divertits waters
for rnunicipal and agricultural activities. ln addition,Yodo River receives large amount of
wastewaters frorn industrial and agricultural activities and effluents frorrn wastewater
treatment plants(1/V1/VttPs).ThuS,it represents a typical urban ttver charactettstic.On the
other hand, Kita River is a relatively sma‖ rive  with mainstream length of 30 km and
catchment area of 21l km2.Kita River has no dams along its strearn and receives very less
anthropologica‖y po‖uted influents.As a result,the river exhibits a best water quality based
on the biochemical oxygen demand(BOD)level.
Four sampling stalons from Yodo River(One upstreami Yl,two midstream:Y2,Y3,and
one downstream:Y4)and tWO Sampling stauons frOm Kita River(One upstream:Kl and one
downstream:K2)were ChOSen to represent the OVera‖spatial vatta lon wtthin the ttvers.
Further inforrnation on the samp‖ng statlons is provided in Table 2…1. ln the Yodo RiveL
station l was an upstrearn site nearthe rnouth ofthe Lake BIwa.Stations 2 and 3 are the
rnidstrearrl sites,and severallarge VVVVTPs are located between these two stations.Station
4 is a downstrearrn slte which may receive urban wastewaters from Osaka Prefecture.ln
Fig.2‐l Location of samp‖ng stations
Osaka
bay
▲VV.W.工Rs
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Table 2‐l Description of samp‖g stations
River  Sampling Location
station
Description
Yodo Yl
Y2
Y3
Y4
Seta,Otsu,Shiga
UlikanaldO,Uil,Kyoto
Yawata,Kyoto
Ohniwa…cho,MoHguchi,Osaka
Outflow of Lake Biwa
Outflow of Amagase Dam
Downttow of wastewatertreatment plants
Urban―b sin of Osaka
Kla   Kl
K2
Kumakawa,Wakasa,Fukui
Nishltsubashi,(Dbama,Fukui
Mountain―r ged region of Fukui
Brackish…water region
Kita Rivet station l is an upstream site near the origin of river surrounded by a
mountalnous region,whereas station 2 is a downstrearn site close to the Wakasa Bay and
experiences a brackish environment caused due to the backflow of marlne waters.
2.2    River water sampling and water quality rneasurements
2.2.l River water samples
River water samples were collected in October 2005(autumn),August 2006(summer),
」anuary(wlnter)and May(spttng)2007.The samples were collected duttng ine weather
conditions and samp‖ng tirne varied frorn early rnorning t‖l noon o  the same day for every
season. Samples were co‖cted from 30¨to 50cm below the surface of river and
transported on ice to the laboratory.Water qua‖ty nalysis、″ s done on the same day and
DNA extraction for DNA microarray analysis was done within 1 2 hours of sample collection.
2.2.2 Water quality rneasurements
1/Vater temperature, electHcal conducJvity, pH, and dissolved oxygen(DO)were
recorded at the sampling stte.Concentration of dissolved organic carbon(DOC),tOtal
nitrogen(T…N), total phosphorus(丁―P), culturable heterotrophic bactetta(CHB), tOtal
coliforrrls and eubacteria1 1 6S rDNA were analyzed in the laboratory. DOC was analyzed
with a total organic carbon analyzer(丁OC…5000Ai Shimadzu, Kyoto, 」apan).
Concentrations of T―N and T―P were measured by the alka‖ne potassium peroxodisulfate
decomposition ― ultraviolet absorptlometry method and the potassium peroxodisulfate
decomposllon―molybdenum blue(asCOrblc acid)absorpJometry method,respectively
(CleSCeH et al.,1998).Numbers of CHB were determined by plaJng 1/10 dlluted water
-9…
Samlles On a caslone―glycerol―yeast extract agar(CGY)medium.丁he CGY medium was
composed of casitone 5 g/L,91ycero1 5 gノL,yeast extract 1 9ノL and agar13 g′L IArith final pH
adiuSted to 7.2 by NaOH,ste百1ized at 1 21°C for 15 min.丁he medium was inoculated with
one drop of 1/10 diluted water sample and incubated at 22°C for 6 days(Pike et al.,1972).
The CHB count was calculated as sum of the colonies forrYled after 6 days ofincubation.
Eubactetta1 16S rDNA number was enumerated by most―probabl ―number(MPN)…PCR
(PiCard et al.,1992).DNA sample was settally diluted by a factor of 3 and subsequenJy
PCR amplried.The number of amplriable target was determined by MPN technique.PCR
pttmers used for MPN¨PCR were EUBf933 5'―GCA CAA GCG GTG GAG CAT GTG G…3'
and EUBr1387 5'―GCC CGG GAA CGTATT CAC CG…3'pttmer set(lwamOtO et al.,2000).
Total collforrns were quantified by the MPN method using a s‖ghtly modified standard
coliform medium(lactOse 5 9/L,bonito extract 3 g/L,peptone 10 g/L,pH 7.0).
2.3 DNA microarrays
Three types of microarrays targeting:(1)functiOnal bactettal genes,(2)eubaCtetta and
(3)pathOgens,were used in thls study.Deta‖s on each ofthese arrays are described below
and the probes used in rrlaking thenl are listed inハρρendix B.
2.3.l Functional bacterial gene rnicroarray
For construction of functional bacterial gene rrlicroarray, 33 bacterial functions were
selected and corresponding genes related to organic po‖ution degradation (5 genes),
carbon cycle(9 genes,including 3 genes relevantto rnethane cycle and 9 genes related to
energy ttow),nttrOgen cyde(1l genes),surur cyde(2 genes)and metal metabdもm(6
genes)、〃ere used to evaluate the environmental functions. Frorn these genes,tota‖y85
probes were designed(Table 2-2),and Spotted on the DNA microarray.丁he siz  of a‖
probes was setto 60 nucleotide bases,Construction of probes and spotting thern on DNA
rrlicroarray s‖des was entrusted to TakaraBio lnc.,」apan.The probes and PCR primers
which had specificity only for the target gene were selected from previously pub‖shed
reports.in case if such inforrnation was not ava‖able,then probes were designed for genes
encoding the functions of interests(Table 2-2)by ch00Sing speclfic sequences enough to
detect only target gene and avoiding any false…positive hybridiz tion,using blast analysis.lt
was reported(Kane et.al.),that about 50¨rrler o‖g nucleotide probe were specific enough
fortargeting the conseⅣed region and it was shown that to avoid cross―hybridization,the
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Table 2口20‖oonucleotide probes designed for detecting functional bacterial genes
Target Function Sequence(5'-3') Accession No.used for design
C120 DNA  Catecho!oxidalon(oだわ0)
C230 DNA  Catechol oxidalon(孵era)
arkB Alkane hydЮxylalon(Group l)
Alkane hydroxylalon(GЮup ll)
arkB&B′  Alkane hydroxylalon(Group‖l)
CACCTATTCGTACT~rCGATTCGACCCAGTCCCAGTTCAACCTGCGCCGGCGTATCATCAC
GATGGGAAGTACACCGGπT CATGACGACATCCCGACTGATT7~「TATCGAGGGAAGCTC
TCCACTTCAACGTCCGCAAGGACGGTTTCGAACCGTTGACCACGCAATACTAC丁丁CGAAG
TACTCC丁丁CT丁GATAAGAGCCAAACCCCl~「ACAATTttGCCCCCCACCATTATCGCTGAC
CTCAATTTATTCGGTCGACATGGTAACCGCCCttCCCATGTTCACTACttTGTCTCTGCG
CGAATGGAACCTCCGCCGCTCCATCATttGCCGATGACCAGGGCAAC丁丁CCAGAT A CAC
GTCCTAACCttGGATGAAACTCTGAATTTGTttCCGTGATGTGCttCGG丁丁l~「GACC t CTG
AGAGCCGAATCAAGAAAAAGGGAACCTTCATCAttC丁丁丁GCTATttGGTATCGCATCCCGCA
GCTAGCTCTAACTTGCGGGA7~rl~「ATCAAAGCTAAAGCTGAGCGATGCGAGTGAACGttCG
GCCTAGATl~rCTATttTAAGttGAGCAAGG丁丁丁GGTTCGA CC ATGCATCCACttCAAGCGG
TCGACTAGATCACCttCAACATCACAGCGAACGACGTttGACGACGCCCGTAACttGGTATttC
CCATGGGATCACACCCCGGCAGACGATCTACl~rCl―rc CCCTCGGGCAACCGGAACGA
GACTCACGGCAAGACCATCTACTttCTTCGACCCl~rCGGGCAACCGCAACGAGGTGttCTG
ACATCGTCCGCCAAAGAGCATCGCTAGAGAGAACAATCCAAACCAATAACAACAGTTCGT
CACATCGTGGTGATGGTCGACGACTACGACGAGACGATGCGCTT~「TACCGCGAGGT CT
CACCGTGATGTTGCTACACCGATGGACCCTCCGACCTCACGTATGGGAGAAAATATATAT
GTGCCCCAGGAACACTCCttTATGGGCAATGTAATTTATAAGAttGGCAATGCGCGAGACAG
CAA GCTGGGGAATGAGTGCTGCTTTTCATGCTTCTATCGTGGGAATTTTttGGTAAAAG丁
TATATCGAGCAl~「ATGGTCTAAAACCCCACAAAAGAGCGGATGGCAATTACGAACGTACC
CCATGTTTGCGAAAllIGGTGCCCGTttCCAl~rCCGTTttCAAGttTACTCAAGCTGCGTATG
GATAATGAGTTATTGCAAGGCttGGACAATGACCGCAGCATTCCATTCGTCTATGGTCCGG
TATCttGCTCATTCACCCGGTGGTCGGG7~「TTCCCTG TC AGATCGTCAACTACATGGAG
GTttCCGCCAGTCGGttCTACCAGl~rCCTGCCGCATGCCTACAAGTACAACTttCCTCAGCG
GttGATCCACGGGATCTACGGCl~rCTcTcTGCttGGACGttGGTCAACTACGttCGACCACTAC
GttGATCCAGGCCTTCATCCGGπCtt GttTACttCGAAGCGATCAACTACCttCGAGCACTAC
GTAATTCAGGCGGTGTACCGCGCGTCGCttGCTCGAAGTCGTCAACTACGTCGAGCACTAC
GAGGACCCGGCGAGTTCACGGπCGGAGAAACCTTCTGGACGTTCCTGCCCCGCAGTGTC
GGTCTACGAGGATTGGGGTGGAATCTGGATCGGCCGTCTCGGCAAATATCGCGTCGAGAG
GATCTCATCGGCC丁丁CACTACCttCCGCACGttCGATGCCGGAATATATCCGCATCGTCGAG
AACT~「CttGGGGTTCGACTTACTTCCCAGTTAACATTTGC丁丁 TC AACCTGCTCCCA
AACT~「CTGGGGATGGACTTACTttCCCAGTTAACTTCGTGTTCCCATCACAATTCGCttCCA
D37783
D16356
M16964
M57500
Z36909
M94318
AB008831
X67860
D37828
U01826
X69504
U23375
X80765
S78585
L77225
」233397
U40233
A」009585
A」002316
AJ009582
A」009584
A」009587
A」009580
A」009579
」009586
A」293344
A」401611
X55394
U31651
U31653
U31654
mmoX
ρ廟酬
Methane oxidation
lヽethane oxidation
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Table 2口2-COηf′ηυed
am酬
ηaρハ
narC
ηirK
r7′rS
Methanogenesis
Ammonia oxidalon
Nitrate reduction
Nitrate reduction
Dissimilatory itrite reduction
Dissimilatory lnte reduction
Dissim‖atory nitric oxide reduction
Dissim‖atory nitric oxide reduction
Nitrous oxide reduction
Nitrogen fixation
N託‖te reduction
Anammox
Dissimilatory(bi)Sulfate reduclon
Thiosulfate oxidation
iron reduction
Manganese oxidation
TGGCTAGGATCTTACATGTCACGTGGAGTAGGATTCACACAATATGCTACAGCATCGTAT
CACGACTTCACCTACTTCGGTAAGGAGTACGTGGAGGACAAATATGGACTCTGTGAGGCA
TACATGTCTGGTGGCGTACGttTTCACACAATACCCTACAGCAGCATACACCGACGATATC
CGTACAGGTACACCCGAGTATCl~rcGTCATATTCACCAAGGπCACTC G CCTTTGGT
TATGCCTttCATGCGCACCl~rcGGCATGGACCACCCGATGGGCttCCTATGACGATl~rCGAG
GGACCTACttTCCACGCACGTATCCTCGACAACACttGAttCCCGACACCGCACAGAAGATAC
AAATGGCATCGATCttGTATAAAGAACCttGAAAAACCAGGGGCAGCAACACCTGAAGACGT
CAGGAATTCCGCCACGGCGACCTCTACGACCTTCACCAACGCTATGTGCttGCTGTTCGAC
CCATCAATTCTttCCTCAAGTATCTCttTAGGCACCAACAATGGCCttG7~rCGCCGAGGAAGA
CGGCAAACGTCATGAATATIIiCTGAACCAC7~「GCttC GCA GACTAACGGACTGATGAA
CTGGCGTTCTAACCttCCTCCGTTCTTCCGGTAAAGGttCATCAGTTTATGCttCAAGTACC丁
CttCACCGCCAAGGttCGGCGAGACCGTCCTCCTGATCCACTCCCAGGCCAATCGCGACACC
TTACTACACGttTCCAGCAGCCCGGTATCTATCCGTATGTAAACCACAATCTGATCGACGC
CTATGACACCGTCTA7~「ACA CGCCGAGACCGACCACTACATCCCGAAGGACGAGGACGG
TATATCCCCAAGGACAAGGACGGCCACTACAAGGACTACCCGGACCTGGCGTCCAGTTAC
CTGACGTACGACAAGATCTACTATCTCGGCGAGCAGGACTTCTACGTGCCGAAGGACGAG
GAACGTCAACGAAACGGGCAAGATCCttGCTGGTGGACTATACCGACCTCGACAACCTCAA
CAGATCATCCttGGTCGACTACACCGACATCAAGAACCTCAACACCACCACCATCGAATCC
GAGTttCAttCGTCAACGTGAACGAGACCGGCAAGGTCCTGCttGGttCAACTACAAGGATATC
CAACATCCTGATGGttCAACTACTCGGACTTGTCCAACCttGAAGACCACCACCATCGATttC
TATGAGTATGTCGACCTCCGCCGGCTGTCCCAGATCCGCAAG丁丁CGCCC ATCC AT
GATCl~rcttcGACCl~rcGACATCGTCCCCTTCTTCGCCATGATGTCATTCGCCTTCGTCAT
GTCCACATGTCCTttTACCGAGGGCAAGTATGACGGCCCCTTCCttG7~rCATGAACGACAAG
GGAACGCACCTATGACGGGCGCTATCTCTACGCCAACGACAAGGCCAATACGCGTGTCTG
CGATGCCTATttCCCGAAAACAAGGCttCACGAAATCTACATCGTCATGTCCGGTGAGATCA
GGAATATCAAACCTGGACAGCGGGCATTCACGGTAAAAACAACGTGACCTGTATCGACTG
TGCATTCATAACCTGCCTTTGAGATGGGAATAACTGCG丁丁丁CGA CA TCGGAACTACCG
AAAGATGGCATTCATATCttCCGGGTACAATCCCGAAAACCCGATCGCAAACCGTATCAC
ACTGCCTTCAAAACTATCGGTCTCCAGTTCGAGAGAGGTGAGTCGAATttCCGAGTGTACA
CAACACCATCAATGATCAGTACGACCTCTGCACCAGCTCCCACACCGTCAACACCAttGAC
GTCTACGAGACGGttGCAGGATCCGAACCAGATGAACGG!!lCAACTCGGTCGGCCGCttGG
」03375
U10036
M16893
L08050
Z36773
A」277440
X91819
Z26255
AB096694
AB087407
X16181
AF051831
M97294
U62291
Z21945
Z48635
A」401462
M80653
X16452
X91394
AF002661
U28078
A」440508
」440509
V01215
X72298
A」250882
U16723
Y16933
Y033095
Z25774
9ηorB
"OrB
ηOSZ
17尉
ηrF4
16S rDNA
dsMB
SOχB
Fer/1
廟0“
‥
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Table 2日2-ConfilrPυed
rpm
ca酬
ρ00R
ρわaZ
meん4     A/1ercuric reduction
Selenium methylation
Cadmium resistance
Copper resistance
PHB depo:ymerization
aρr
ηρr
Sυb
sub
c力船
Hydrolysis of peptidic compound
Hydrolysis of peptidic compound
Hydrolysis of peptidic compound
Hydrolysis of peptidic compound
Chitin depolyme‖tion
CACCAAGGTCACGGCCCttGGCGCGCAATACCl~「GttTCttTCCGTGAAGACCCGGCCATCGG
GTTGTGCACGGTCAGCCGCGCttCAAGGACGACCAGAGCCTTACTGTCCG7~「TGAACCAG
AGTCCGGCCGTGCCGCCGATTCCCGGACTCCAACATACCCCCWTGGAACTCGGAAAAG
CATGGAAGGCATCCTCGAAGACCTATGGCCATCACCATTTTGCCCGGCTACGCCCGttTTC
l~「GAAGGCCGGAl~FGGACCGTATGGATGAGCACGTTTATGttG丁丁GGAACGttGttGTAAC C
ACTACACTCCGATCATTATGGTTATTGCAGCCTTGGTTGCAGTCGttTCCACCCCTAl~「C丁
GATCCGttCGGGGAAGAAGATCCATCttCACCGGTAAAGAATACGTttCTGCTTGAGl~「GCT
丁CTATCGCAACGGCAACAAGGCCAACGCGCTCCCGGTCTCttGCCACCAGCTATGTCGATG
CCGTATCGGCGACCACGAAATCCCCCTTCACCTGTACTGCCACCACGGCCAGCAACTACG
GTCACGGCCACCACCTACACCGACACAGGCCTGACCACCGGTACGGCCTACTCCTACACC
CTATACCGACACCGGCCTCATTCCTGGTACCACCTACAGCTACACCGTAACCGAGATCGA
GGCAACGACACCCTGGACTTCTCCGG7~「TCACCCAGAACCAGAAGATCAACCTCAATGAG
AACAATCCATTCTCGAACGGATCACACATCGTATACGGACATGGTGATGGTGTAACGTl~「
TACTGGttTCTACAGCGCTCAAAACAGTAGTTGATAAAGCGG7~rttccAGCGGTATCGTCGT
l~rCAACACGAAGCGGCCAATATAGCttGGATTATTAACGGCATTGAGTGGGCCAT7~rCcAA
GTGAAAGAGTTCCTCCACACCTGGAAG7~rCl―rcGA CGTCCATATCGACTGGGAGttTC
CACCAATTGGCGTTCGTTACGACAAAATttGAAGACGTttGATTACGCAGATGCTGTGCAGT
ATAACCGTATCCAACl~rCTttc丁丁GCtt AAGGCG7~rCCTGCGAACAAGCTAGTCCTTGGTA
CTGAAACAGGCCGTACttTACGAACTCACATCGGCAGTAGGTGTAGCCTACGACAAGATTG
CATATGGGTTTGATGGCGTGGATTTAGACTGGGAATATCCGGGCGTttGAAACGATTCCTG
TAAACCGCAGATCCACGTTCAGGAAGAAATCCCCAGttCGCGTAGATttCCTCAAACAGTA
CTCCAACAGATGACATTACGCCTACACCTACACCTACTC丁丁GAAC AAC C TG AC AA
CGCCATTCATGGGCTCGTttCCAATGCAGATAATGATGGGAAAATGG7~「GTTCAG ATGGT
」418049
A」418052
A」418056
」418057
L49178
」04551
X83541
U16275
」04223
U58990
D25315
AB013895
M83910
S51909 1
S51909 2
AY040610
AF193498
AB004935
AF193500
Y129671
ABl10082
Z68924
B 000028
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non―target region should be less than 75% sirn‖ar to the sequence of probes. Thus
fo‖owing these guidelines designing of DNA nlicroarray for evaluating functions of
environment was accomp‖shed.
2.3.2 Eubacterial microarray
Microarrays for detecting eubacteria were designed by Prof. Takayuki Ezaki,
Department of Microbiology Regeneration and Advanced Medical Science, Graduate
School of Medicine,Gifu University and distttbuted from AMR lnc.Gifu.These rnicroarrays
were purchased as conlrnercial products.0‖9onucleotide probes forthe 16S rRNA gene of
the 1 016 eubacterial species cornrnonly present in the envlronment llvere spotted on the
rYlicroarray s‖des. The spotted probe number at the phylurn level was as fo‖ows:
ハcfir70bacferlia,152;BacrerOFderes,48:Cyanobacわr a,39;Firmたυfes,226:ProfeObacわri ,
455(arpわa subclass,123;befa subclass,78;gar7′ηa Subclass, 133;derfa subclass, 108;
eρsrilon subclass,13);Others,96いc′σObacferia 3;ハ9υ′″cae,5;C力′amydia,8;CわrorOb′,4;
cttrOrO″ex∴9;C力ySわgenefes,1;DeFerrlilbacferes,5;DeわOcOc υs-77ermυS,3;Dたfyogrom′,
1;Flibrobacteres,li FυsObacわria,15;Arifrosp′僣,10;P′acenfomyceわs,4;Sprirocわaefes,
17:Sp′燿rbacわria,1;Tr7e胸70d Surfobacreria, 1; 77ermO“たrobね,1; フlem70fOgae,5i
yerrJcο″ブ robね,2).丁he balance of probe numbers in each phylum,e.g.higher probe
numbers for Proreοbacrerlia,Firm′cυfes andハcr′ηοbacferia seems to resemble the general
bactettal populatlon in aquaJc samples reported previously(Crump et al.,1999;Brummer
et al.,2000:Seklguchi et al.,2002;Allgaler et al.,2006;Pep‖es et al.,2006;VVinter et al.,
2007).ThuS,the microarray used here、〃ould be reasonable for investigating the riverine
eubacterial cornrnunity.Refer toハρρendix B for‖st of probes.
2.3.3 Pathogen rnicroarray
陶licroarrays for detecting bacterial pathogens、″ere designed by Prof.Takayuki Ezaki,
Department of Microbiology Regeneration and Advanced Medical Science, Graduate
School of Medicine,Gifu Universlty,and distHbuted from A卜ЛR lnc.Gifu.丁hese rnicroarrays
were purchased as conlrnercial products.()ligonucleotide probes forthe 16S rRNA genes
of 1 012 bacterial pathogens infectious to humans,anirnals,plants,fish and shellfish are
mounted on this array. 丁he target pathogens included a‖ biosafety leve1 2 and leve1 3
pathogens in the classification of」panese S ciety of Bacteriology(2007)in additiOn to
several opportunistic pathogens. The array covers both fecal and non―fecal pathogens.
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This array vvas designed tO be most comprehensive, accurate and rapld testing of the
causative pathogens ofinfectious diseases,lncluding emerglng/reemerging diseases、″hi h
are increasing in number and beconling more globa‖zed(Yamada et al.,2007). PleaSe
refer toハρρendix B for‖st of probes.
2.4 DNA FniCrOarray analysis
2.4.l DNA extrac■on
DNA was extracted from 1 0ml of water sample by filtering itthrough a pore size O.22μm
Whatman GF/B lher(Whatman, Maidstonё, Kent, UK).The lher_paper was then
suspended in 500 μl of extraction buffer(50 mM Ttts―HCI,20 mM EDTA,100 mM NaCI,pH
8.0)in a tube.Ce‖s vver  then lysed by adding 50 μl of 2 rrng/rrll proteinase K and incubated
at 37°C for 2 hours. After ce‖ lysis, samples were extracted with equal volumes of
phenol―chloroforrrl twice.The aqueous phase wasthen co‖ected and DNA was precipltated
by adding 1/10th volume of O.3 M sodium acetate and 2 volumes of ch‖led ethanol
precipitated by centrifugation at 1 0,000 X g for 10 min,fo‖owed by vacuum drying and
stored at -20°C until further use.
2.4.2 PCR amplification
A‖PCR amplricaJOns were cartted out wlth a Mastercycler Standard(Eppendorf,Tokyo,
」apan).
For analyses with eubacterial and pathogen arrays,the consen/ed region of eubacteria116S
rDNA(ca.510 base pairs)was amplrled by PCR using an 8UA(5'―AGA G丁丁TGA ttCM
TGG CTC AG-3')and 519B(5'―GTATTA CCG CGG CKG CTG-3')pttmer set.The 5'―end of
the reverse primer was labeled l″ith Cy3;thus PCR products、″ere fluorescently labeled at
the same time.PCR amplrica10n was performed in a 20-μl PCR mixture containing l X Eシ
Ta9 buffer lTaKaRa,Shiga,Japan),200 μM dNTPs(T KaRa),20 pmol of fom′ard and
reverse pHmers,0,6 U of Ta9 DNA polymerase(TaKaRa),and 4 μl of DNA template
prepared in section 2.4.1. The therrnal profile for PCR amplification included an initial
denaturation at 950C for 3 min:35 cycles of denaturation at 950C for 30 si annea‖ng at
55°C for 30 s,and extension at 720C for 30 s;and a final extension step at 720C for 7 rrlin.
Arnplified products were purified by ethanol precipitation to get a final amount of 35ng of
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labeled DNA.
The DNA template preparation for functional bacterial gene array was done by
amplifying the communtty DNA with vattous pHmers in independent PCR reaclon tubes as
‖sted in Table 2-3.The 5'一end of each reverse primer was labeled with Cy3 to obtain(3y3
labeled PCR products.PCR amplification was performed in vattous 20…Itl PCR tubes
containing l X Ex Ta9 bufFer(TaKaRa,Shiga,」apan),200 μM dNttPs(TaKaRa),20 pmol of
fomrard and reverse pttmers,0.6 U of Ta9 DNA polymerase(TaKaRa),and 4 μlof D
template prepared in section 2.4.1.The condition of PCR was denaturation ln first step at
95°C)for 5 rnin; fo‖owed by 35 cycles of denaturation at 95°C)for l mln, a gradient
annea‖ng at 40°C,450C,550C,600C)and 65°C forl mln each,and extension at 72°C for 3
rrlin:vvith extension in the final cycle at 72°C for 1 0 rnin.Arnplified products were purified by
ethanol precipitation to get a final amount of 35ng oflabeled DNA.
2.4.3 Microarray hybridization
A/1icroarray hybrldization was perforrlled as fo‖o s.丁he rnic oarray IArere prehybridized
ln prehybttdizalon bufFer(2X SSC,0.2%sodium dodecyl surate)fOr 15 min at room
temperature and in freshly rnade prehybridization buffer for 5 rnin at 37°C.After the slides
had been dipped ln ultrapure water three tirrles to remove excess prehybridization buffe島
the arrays were dtted by centttfugaJon(110 X g,2to 4 min).Cy3-labeled target DNA(35ng
for eubacterial and pathogen nlicroarrays or a‖ DNA amplified for 33 target genes for
functional bacteHal gene rnicroarray)waS diSsolved in a 50¨μl hybttdizaJon buffer(5X SSC,
0.5%SDS),denatured at 90°C forl min,cooled down to 550C,and deposited onto a glass
cover―s‖p.Then,prehybridized array vvas placed on the cover…s‖p,and hybridization was
carHed out at 550C for 16 h in a hybttdizaJon chamber(DNA Chip Research lnc.,
Kanagawa,」apan),Where 150 μl of  M NaCl was applied to avoid drying.Following
hybttdizaJon,cove卜slips were removed by immersion in 2X SSC,0.20/O SDS at 37°C.
Arrays were washed with 2X SSC,0.2%SDS and with 2X SSC at Юom temper ture for 4
rrlin each,before being air dried in the dark.
2.4.4 Scanning
An arrayllVoRx(GE Healthcare UK Ltd.,Bucklnghamshire,England)was uSed to scan
fluorescent signals after hybridization on each spotin accordance wlth the rnanufacturer's
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Table 2日3 Primers used to prepare template for functional bacterial gene arrav
Target gene Fomttrd p‖mer Reverse p百mer 襦 :1昭   Reference
C120 DNA
C230 DNA
arkB
alkM
ark3/arkB′
鯛″OX
ρ鯛酬
“
CM
a“酬
ηaρハ
narG
ηiK
ηirS
qηorB
"ο
rB
ηOSZ
/7(H
r7/fA
16S rDNA(anammOX)
dsrAB
SOXB
Fe鵬
ηO“
me鵬
rp鯛
ca酬
ρcoR
ρ力aZ
aρr
npr
sub
sub
“
И
GCCAACGTCGACGttCTGGCA
AAGAGGCATGGGGGCGCACCGGTTCGATCA
CATAATAAAGGGCATCACCGT
GAGACAAATCGTCTAAAACGTAA
TCGAGCACATCCGCGGCCACCA
GGCttCCAAGTttCAAGGTCCAGC
GGGGGAAC丁丁CttGGGGITGGAC
TAYGAYCARATHTCGYT              .
GGGGTTTCTACTCGTGGT
■゛ nttγγTNHSNAARATHATGTAYGG
TAYGTSGGSCARGARAA
GCSCCGGTCATCGTGCTGCC
TAYCACCCCGAGCCGCGCGT
GGNCAYCARGGNTAYGA
GACAAGNNNTACTGGttGGT
CGGY‐「GGGGAMWKACCAA
AAAGGYGGWATCCGYAARTCCACCAC
GCNTGYTGGWSNTCYAA
GGATTAGGCATGCAAGTC
ATCGGWACCttGGAAGGAYGACATCAA
CAYGGNGGNGAYACNttGG
ACARMARSGRTGTYGGSTCC
GGCttTCACCGAG7~rCACGCA
l~rGGAGAACGTGC
CAGTCAGAGGTCAATAAGG
CAAAYTGYGCRGGHAARTTYGA
CAGGTCGTTACCTGCAGCAG
CGTCTACCGCAACGGCACCAAGG
TAYGGBTttCAAYTCCAAYAC
GttDGAYGCHCAY「AYT GC
ATGSAYRTTRYYAAYATGAG
GNACHCAYGTDGCHGGHAC
CG:GGITCGACIYTIWSIGAYCCI丁丁
C Cl~rcAAAG丁丁G TCTGCGTGGT
C A CAAAC C TCGTttCCGGTTGCC
Gtt CATTCTCGAAACTCCAAAC
Ttt 7~「ATT TTCCAACTATCCTC
CGT GTGCTCGACGTAGTT
GCA TCGTAGCGCTCCGGCTCG
GGGGGRCIACGTCITTACCGAA
ACRT~「CATNCCNGCRTARTT
CCCCTCKGSAAACCCTTCTttC
D TN GRTGCAIYTCNGCCATRT丁
丁lYrCRTACCABGTBGC
T GAACCCCTCGATCAG
T RAGYTYSAGBGTCTTGTCGTC
ACCCANAGRTGNCANACCCACCA
AANCCCCANACNCCNCC
ATRTCGATCARYTGNTCR可
T GπSCCSCCRTACATSGCCATCA丁
訓 NGGCATRTGRCARttC
AAAACCCCTCTACTTAGTGCCC
GGCCACATSGTGTACCAGTTACCGCA
CATGTCNCCNCCRTGYttG
GGAWMCSRGARGTYGYAGttG
C GCGGGGTGTCCATCCAG
ACGttCCT~「GGTGAAGGTCTG
AGttTACACACG7~rCCAACA
AACT ATGCACAAGGACA
TCTCATCTCCAGGACATATC
TGGGCGTAG丁丁GCttGCCCGT
VGCGATSGAMACR7~「RC
ACMGCATGBGIYADYrCATG
GWGWHGCCATNGAYGnlVC
GWGWHGCCATNGAYGnA/C
ATRTCiCCRTTRTCiGCRTC
60
60
40
40
40
55
45
45
55
45
60
65
65
55
55
55
60
45
60
60
60
45
60
55
40
55
55
55
55
55
55
55
40
sei er a′.,1999
sei er ar.,1999
Kohno er ar.,2002
Kohno er aノ.,2002
Kbhno era′。,2002
McDonald er ar.,1995
Cheng eraノ,1999
Springer er al,1995
Rotthauwe er aノ.,1997
Flanagan er aノ。,1999
Philippot er a′.,2002
This study
丁his study
Braker and Tiedie,2003
Braker and■edie,2003
Nogales er a′.,2002
ROsch er ar.,2002
Mohan era′.,2004
Egli er aノ.,2001
Karkhoff―Schweizer er a′.,1995
Petri er a′.,2001
Neal er ar.,2004
Siering and Ghiorse,1997
Fe:ske er a′.,2003
Cournoyer er a′,1998
0ger era′.,2001
TraianOvska er aノ.,1997
Sei er aノ.,2001
Bach era′.,2001
Bach er al,2001
Bach er al,2001
Bach er ar.,2001
LeCleir er aノ_,2004
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instructions.Oligonucleotide probes were rnounted on the glass slide,and Cy3 dye labeled
DNA sample、〃as app‖ed on the array for hybridization experimentsI Scanned images were
then processed with Array∨is on ven 8.0(GE Healthcare UK Ltd.).There were 12 Cy3
positive control spots on each of pathogen and eubacterial microarray and the rrlean value
of these spot intensities was used as the positlve control intensity. After subtracting the
background noise,the signalintenslties of the spots、〃er  norrna‖zed rela ive to the positive
Cy3 spot for eubacterial and pathogen arrays. For eubacterial arrayi test spots whose
relative signal intensities(RSI)exCeeded O.l were considered to be va‖d and used for
further analysis.For pathogen arrayJtest spots whose RSl exceeded O.25 were considered
to be vand and used for further analysis. ln contrast,for functlonal bacterial gene array,
there was no standard positive control spot, hence test spots whose signal intensities
exceeded 2500 fluorescent units were consldered positive. This criteria for cut¨off was
assumed for the reason that often cross―hybridiza ion rrlight occur between the
OngOnucleOtide probes and the template DNA and thus to avoid the false―positive results
the criteria of cut―off of signalintensitles was considered.
2.5 Statistical analysis
Heat rnap was generated for eubacterial n∩icrOarray data.Each RSi was converted into
a color gradient by uslng macros for Microsott Exce1 2002(MicrOSOft Corporation,Redmond,
WA,USA).The heat map macro,developed by DL Yukihiro Yabuta atthe Riken Centerfor
Developmental  Biology7  」apan,  is a  freely  ava‖abl   tool  from  his  website:
http:〃homepage.mac.com/yabyab′program/heatmap.html(acceSSed February 2011).
丁he Shannon―Weaver diverstty index(ShannOn et al.,1963)was calCulated using
naturallogarithrn by the fo‖owing equations:
〃:=―ΣPi・hPi
R=′/Ⅳ
where κ′is the RSl of spotj,and iV is the surrlrnation of the norrna‖zed signal intensities in
a sample.
Pttncipal components analysis(PCA)and muluvaHate analysis were performed with the
stausJcal analysis tool SPSS ven 15.O forヽⅣindows(SPSS inc.,Chicago,lL,USA).PCA
was perforrrled againstthe occurrence pattern(preSence/absence)of target speciesノgenes
for data of pathogen and functional bacterial gene rrlicroarray analyses,a value zero was
assigned to the probes(undetected species/genes)whiCh Showed signalintensityく0.25 for
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pathogen array andく2500 florescence unit for genes related to functions of environment,
and a value one was assigned to the detected probes(speCies/genes).For the eubactettal
microarray,data analysis was performed against RSl of test spots(RSl was assigned a
value zero lf a species is under the detection ‖rnit(く0.1)). RSI value was used in
eubacterial array results so as to accurately predlct the cornrnunity structure and variation
of bacterlal species according to the samp‖ng stati ns.Howeverin case of pathogen array
or the genes related to bacterial functions array the obiectiVe was to ldentify the presence
or absence pattern ofthe species/genes.ln addition,correlation analysis between the RSi
of each pathogen and the total coliforrn count relative to the total number of heterotrophic
bactetta was performed with Mlcrosoft Exce1 2002(MicrOSOft Corporalon,Redmond,WA,
USA).
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CHAPttER 3
Dist閻bution of Bol戯edQ‖
FundloAs in Rive陶
3.1 Background
ln the aquauc ecOsystem, microorganisms play pivotal「ole to degrade/detox fy
po‖utants,or elemental and rnaterial recirculation.ln opposition to eukaryotes:prokaryotes
often possess a particular gene related to an environmental function which is distributed
over various faχa(crasses Or even ρわy′a)Of prOkaryotes. For example, the function of
nitrogen flxing is carried outin the environment by various faxa of bacteria or even certain
archaea uti‖zing the nifH gene and such species belong to broad faχa including
ハcf′ηObacferia,ハcわ ea(meff7anOgers),Cyanοゎacferia,Fim′cυfes and some crasses Of
PrOreObacreria(Ueda er al,1995).Evalualon of such bactettal genes could not be done
based on 16S r[〕NA analysis due to the difFerences in individual lineages of difFerent
bacteria.Thus,evaluation of rnicrobial functions based on evaluating such broad―spectrum
genes can provide the overa‖understanding on the status of the environment.Howevet
studies in rnultidiscip‖nary rrlicrobiological functions in the environment are often llrrlited by
the experimental forrnat,genera‖y involving independent evaluation of each function. For
example, nitrogen cycle includes nitrogen fixation,arnrnonium oxidationi nitrite oxidation,
nitrate reductloni nitrite reduction, nitric oxide reductioni nitrous oxide reduction, and
anaerobic ammonium oxidalon(anammOXl funcJOns;however it is too cumbersome to
evaluate each function individua‖y even lf rnolecular n∩icrobiological methods are app‖ed.
3.3.l Terrrlinology of Functional array
ln environmental studies and particularly in this thesls, the terrn functional array
exclusively refers to the DNA nlicroarray which is used to detect the presence(or abSence)
of a target environmentalfunction.Function itselfis defined as the ability of nnicroorganisms
to carry out biotransforrrlation of chenlical compounds into environmenta‖y benefi ial or
less toxic substances. 丁he functional array ls thus used to evaluate the potential of
environmentalfunction and to access the soundness of river waters.
ln this chaptet environmental functlons in river vvaters were evaluated using a DNA
rnicroarray.丁here、″ere tota1 85 genes which targeted 33 functions in environment,these
were distributed as functions related to circulation of:carbon(3 functions and 7 genes),
nttrogen(1l functions and 24 genes)and sulfur(2 functions and 2 genes);chemiCal
degradation(5 funcJons and 27 genes),metal metabolism(6 functions and 9 genes),and
energy flow(6 functions and 16 genes)for mOre deta‖s pleas  refer chapter 2.3.1.
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3.2 Spatiotemporal variations of bacterial functions
Arnong 85 targeted genes, 11 lo 68 functional bacterial genes were detected in river
water samples(Fig.3-1).丁he numbers of detected genes were highestin summet except
station Kl.The detected gene numbers were greatly difFerentln autumn depending on the
samp‖ng station.ln contrast,sirn‖ar numbers offunctional bacterial genes were detected in
spring and、〃i ten
in Kita Rlvet the number of detected functlonal bacterial genes increased along the
course offlow ofthe riverin surnrneL autumn and vvlnteL tthls rnight be due to the brackish
environment,、〃here freshwater and seawaterrnicrobes coexist and genera‖y highly diverse
community is formed(Crump et al.,1999),at Stalon K2.
ln Yodo Rivett functional bacterial gene number always decreased frorrl station Yl to
station Y2.A dam is posiJoned iuSt upstream of station Y2,and thus hydraulic retenOon
tirne is longer there.丁his might result in the change of rnicrobial cornrnunity composition
and decrease of function. By contrast, station Y3 always had higher functional bacterial
gene numbers with little seasonal variations.Activated sludge in W1/VTP contains a wide
vattety of microorganisms wtth a high density.丁hus,release of VVヽⅣTP effluents would
cause the increase offunctional genes at statlon Y3.
PCA was perforrned based on the occurrence pattern of bacterial genes.As shown in
Fig. 3-2, samples were roughly distributed depending on the seasono Surnrner samples
except a sample frorn station Kl were largely separated fronl the samples in the other
seasons.This suggested that rnicrobial functions in surnrner vvere greatly difFerent from
those in the other seasons.ln addition,it was revealed that PCl was strongly correlated
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Fig.3‐l Positive number of genes detected in river、″ater sampl s co‖ected f onl the
Yodo and Kita Rivers.Probe wtth signalintensly≧2500 wa judged as pos社ve.
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with the number of detected genes(r2=0.85)(Fig.3-3),and that PC2 was weakly
correlated wtth water temperature(r2=0.44)and nOt With the other water quality
parameters.丁hu ,itis suggested that watertemperature would be a factor relevantto the
change of the rrlicrobial function of riverine、″ateL lt was previously reported that anlrnonia
oxidizing bacteHa rapidly decreases wtth falling watertemperatures(UrakaWa et al.,2008).
Sirn‖arly Yang et al.(2007)have repOrted that the denltrification activity is highest at
28°C)-30°C and decrease ln temperatures drastica‖y lowers the activity.Therefore,、v ter
temperature higherthan 280C in surnrnerin 5 stations exceptfor station Kl resulted ln the
-1       0
PCl ol.4%)
Fig.3‐2 0rdination produced from PCA based on gene profiles in river water samples
obtained from Yodo and Kita Rlvers in spttng(open circle),Summer(c10Sed diamond),
autumn(open Square),and Winter(c10Sed triangle).
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highly difFerent functional gene profiles in these 5 stations compared with the other
seasons.
3.3 Characteristics ofindividual and overa‖bacterial functions
The occurrence of each functional bacterial gene is sunlrrlarized in Table 3-1.
3.3.l Functions related to cherrlical degradation
Arnong  the  genes  related  to  aromatic  compounds  degradation,  catechol
l,2-dioxygenase(C120)DNA and catecho12,3-dioxygenase(C230)DNA,C230 DNA was
detected in a‖samples, wh‖e C12C)DNA was detected in several samples and no
relationship betvveen its occurrence and stationノseason、〃as obseⅣed.lt h s been reported
that although C120 DNA is norrna‖y dorn nated in seawater,under high concentrations of
aromaJcs C230 DNAlncrease(Sel et al.,2004).丁hus,common occurrence of C230 in this
study rnightindicate that river water have been po‖ut d by a om tics frorrn human activities.
Detection of C23C)even at station Kl with low po‖ution level rnay suggestthe presence of
cherrllcal contanlination that cannot be predicted by physicochenllcal water quality
parameters.
Arnong alkane degradation genes,arkB,arkB&arkB′vv re detected in a‖samples.On
the other hand, alkM was found to be present at high signal intensity at station Y3
independent ofthe season,but was not detected or was detected atlow signalintensity at
the other stations. arkB is responsible for degradation of relatively shorter r7-alkanes,
whereas alkM and aFkB&arkB′are forlonger n―lkanes(Belhai et al・,2002;Kohno et al.,
2002i Sei et al.,2003).丁hus it can be inferred that natural Hver water has shorter n―alkane
degradation ab‖ty s a generalfunction.
3.3.2 Functions related to carbon cycle
Arnongst the methane oxidlzing genes, the ρmaハwas ubiquitous in a‖ ampl s. ln
contrast, the r7′ηOX Was not detected in most samples. Almost a‖ methane oxidizing
bacteria possess ρmaハ, whereas ″7′ηOX gene encodes a special methane oxidizing
enzyme which is activated only under the copper‖nlitation condltions. Methane oxidizing
bactetta possessing“
“
oX are‖mited to 5 genera such as ν ttyfo Occυs(Cheng et al.,
1999;Nakamura et al.,2007).ThuS,itis suggested that mmoX gene is rninorin the ttverine
-24…
Table 3由l Distribution of functional bacterial genes in Yodo and Kita Rivers
October,2005
Yodo River
1     2
August,2006
Kita b′er  Yodoふヽ Kuta River
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Yodo Rver
1     2     3
May9 2007
lata River      Yodo River0ねIい′er
1     2
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waters.The′ηcM gene that encodes the enzyme for methane generation during anaeroblc
conditions was rarely detected probably because the samples were cOnected frorn the
sub―surface aerobic zone.
The  genes  relevant  to  energy  flow:  ρわaZ  cr7 iA,  and genes  related  to
poly(3-hydroxybutyrate)(PHB)degrada」on and chttin degradaJon, were dominanJy
detected in alrnost a‖the amples,ln recent years,the production and consumption of PHB
have been increasing and tts environmental release should increase(Sei et al.,2001).ln
additlon,chitin is a biological macromolecule thatis universa‖y present on earth(LeCl ir et
al., 2004). 丁he evidence suggests that chitin degradation and PHB degradation genes
should be widely present in river vvater systems. On the other hand,amongst the genes
related to peptide hydrolysisi neither npr nor sub were detected in the river samples
although aρr genes were rnainly found in rnany samples.Although peptide compounds are
also thought to be ubiquitous in the environment,hydrolytic functions were rarely detected.
The primer used in thls study was origina‖y developed for ev luating the peptide
degradation genes in soll environments(Bach et al,,2001),and may be inapprop百ate for
those in aquatic environments. Thus, rnore specific primers and probes are needed for
better evaluating the peptide hydrolytic functions in the aquatic environment.
3.3.3 Functions related to nitrogen cycle
amOハgene responsible for the arnrnonia oxidation was always detected at statlon Y3
although it was rarely detected in upstrearn stations of both monitoring rivers. Because
station Y3 is located downstream of llVWTPs, anlrnonium nitrogen released frorn the
WVVttPs increased the concentration of arnrnoniurn nitrogen in river water and
consequenJy ammonia oxidizing bacteHa grew(C6brOn et al.,2004).
Arnong two genes related to nitrite reduction,ηiKgene was detected in a‖samples,
whereas ρirS gene vvas not always detected.丁he bun ance and diversity of r7rirK and ηrirS
have been reported to be difFerent depending on the target environment(Priemё et al.
2002; Braker et al., 2006).Yan et al.(2003)have reported that although η′rK gene is
genera‖y dorYlinated in groundwater contarninated with nitrate and uraniurn, η rS gene is
activated at low pH and high nitrate concentration and it is suppressed under high DO
condition.p卜l of river water samples analyzed in this study was around neutral and their[)O
was genera‖y high.Therefore,ηlKgen  vvas genera‖y dorninated in the samples.On the
other hand, 9ηorB and cnorB genes reSponsible for nitric oxide reduction were rarely
detected.Nitric oxide is produced underthe anaerobic condition,and thus 9ηOrB d cr70rB
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genes were not presentin surface、″aters underthe aerobic condition.
ヵifH gene responsible for nitrogen fixation was detected in alrrlost a‖ the samples,
excepting station Kl、〃here the gene was detected only in surnrnen
ηttA responsible for reduction of nitttte to ammonium and 16S rDNA of anammox were
hardly detected. Resulis of this study suggest that these special functlons are rarely
presentin river water environments.
Fronl the results, each gene included in the nitrogen cycle showed different spatial
variation.As a vvhole,the nitrogen cyc‖ng potentialin the river environment seems to vary
dependlng on the environmental conditions along the flow ln particulatt most of the target
genes、〃ere detected in station Y3.Although previous study has revealed the elevatlon of
amaハgene by the dischaFge of VVWTP effluent(C6brOn et al.,2004),our results suggest
that llVVVTF)effluentinfluences entire genes related to the nitrogen cycle.
3.3.4 Functions related to sulfur cycle
ds″4B respOnsible for the dissirnilatory sulfate reduction waS detected in the
downstrearn station in Kita River and upstrearn stations in Yodo Rlvett however the signal
intensity vvas always iow.Sulfate reduction occurs underthe anaerobic condition in so‖and
sedirnent(SCh01ten et al.,2005;Leloup et al.,2006).ThuS,the presence of sulfate reducing
genesin sub¨surface vvaters vvould be resulted from the transport of river sedirnents or soils
of river bank.On the other hand,thiosulfate oxidizing gene sοxB was hardly etected in the
samples,suggesting thatthis function is unusualin the river waters.
ln this study only two genes were targeted for detecting bacterialfunctions related to the
sulfur cycle. Since these two genes are rarely present in the samples analyzed,further
investigation targeting difFerent functional bacterial genes would be needed to evaluate the
sulfur recyc‖ng function in the river environment.
3.3.5 Functions related to rFletal metabo‖sm
丁he selenlum methylaung gene rp“w s commonly detected ln Hver water samples.
丁he iron reduction gene Fett was detected in a‖buttwo samples from Kita Riverin surrlrnen
The mercury reduction gene meル4 was also d tected in most samples although it was
rarely detected in autumn. By contrast, manganese oxidation gene mο,1, cadr ium
resistance gene cadA and copper resistant gene ρ R were undetec ed in alrnost a‖the
samples.
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3.3.6 0vera‖evaluation of bacterial functions
Based on the detection frequencies in the river water samples,the genes related to
bacteHalfunctions wёre classried intO three mttor grOups as shown in Table 3…2.Group lA)
consisted of universa‖y present genes;group(B)COnSiSted of genes、〃hich are specifica‖y
present under certain geographical and seasonal condition:and group(C))cOnsisted of non
existent genes,Group A included the cherYlical degradation genes of C230 DNA,arkB,alた
B&Bf, carbon cycle genes of ρmaハ,ρわOZ, cわ船, nitrogen cycle gene nirK and metal
metabo‖srn gene fpm.Except for ηlrKi the genes classlfied in group A are responsible for
aerobic functions. Group B consisted of the chernical degradation genes of C120 DNA,
alkM,nitrogen cycle genes of aЛ9aA,naρハ,rarC,nirS,ηOsZ,η′″ザ,sulfur cycle gene dsんAB,
and metal rrletabo‖srrl genes of feんA and meM.丁h  genes related to the nitrogen cycle
were abundant in this group,and thus it was suggested that they rnay largely reflect the
specific condition of river environment.Genes categorized in group C were detected in very
sma‖number or not at a‖detected.lt、〃as concluded that group C genes did not have any
significant contribution towards the functions of river water environment.
Table 3‐2 Classlfication of functional bacterial genes based on
detection frequency
(B)              (C)
C120 DNA       ″″′
α′″                 ′2cκ∠
α″α4           9″ο7・B
″″∠              C′ο沼
16S l・DNA(anammOXp
SOχB
″ ″
″//Z
″9“
`α
激
Pι沢
Sγら
αり;Detectcd in most samples(■+≧20),(B);Detcctcd in scvσal samplcs,
(C);Hardly or not dctected(十十=0)
(A)
C230 DNA
α脇
α′罐〕《■3′
′″酬
″ノ7・K
″″
′みαZ
`カ
ル4
????????
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3.4Conclusion
ln this chapteL spatial and seasonal variations of the occurrence of 33 functional
bacterial genes related to carboni nitrogen and sulfur cycles,chernical degradation,rnetal
metabo‖sms, and energy flows were studied using DNA rrlicroarray. The presence of
functional bacterial genes ln river water was greatly influenced by the seasonal variations.
Especlally a wide variety of bacterial functions seems to be present in surnmer as
compared to the other seasons.The number of genes seemed to be reduced by water
retention in a dam lake.Converselyl discharge ofヽVVVttP effluent increase the diversity of
bacterial functions.
丁he 33 kinds of functions analyzed were classified into three groups based on the
detecJon frequency in the seasonal samples:(A)universa1ly present genes,(B)genes
specifica‖y present under certain geographical and seasonal conditions, and (C))
non―existent genes.Group A included the chernical degradation genes of C230 DNA,arkB,
a′kB&B′,carbon cycle genes of ρЛ9cA,ρわOZ,C力riA,nitrogen cycle gene nirKand metal
metabolism gene fp“.Group B consisted ofthe chemical degradalon genes of C120 DNA,
alkM,nitrogen cycle genes of amOハ,77apA,narC,nirS,ηosZ,"“H,sulfur cycle gene dsttB,
and rnetal rnetabo‖s n genes of feM and“eM.F「om the results,functions included in the
group B may be used as an indicatorfor evaluating the qua‖ty f river enviro ment as these
functions are sensitive towards varying environmental conditions than other studied genes,
as they have special irnpact on river water environment depending on seasonal o「
geographical variations.
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411 Background
ルlicroorganisms play plvotal roles in breaking down organic matter and rerninera‖zing
nutrients; these actiOns strongly influence energy flux and elemental and material
circulation in aquatic ecosystems. Microbial populatlons in the natural environment
fluctuate spatiotempora‖y with ch nges in the chernical and physical conditions of the
surrounding environment(BrancO et al.,2005;Ch6nier et al.,2003).ln add社iOn,inttow of
wastewaters contalnlng xenobiotics and toxic cherrlicals causes a drastic shift in microbial
cornrnunity structure;thls shift may influence the ecological functions of the environment
(Brunlrner et al.,2000;Feris et al.,2004;Fossi et al.,1995:Rodriguez et al.,2007).丁hus,
microbia1 lora can seⅣe as a biolndicator for esumaJng water quality(Brummer et al.,
2003:Douterelo et al.,2004)and enVirOnmental soundness.
In this chapteL total eubacterial conlrnunity in the rnonitoring rivers vvas analyzed using
a eubacterial rrlicroarray and assessed the correlation with various physicochernical
parameters.
4.2  River water quality
Table 4¨l shows the physicochernical and biological qua‖ty of river water samples
co‖ected over a span of 20 rnonths,Watertemperature varied by the seasonal pattern、〃 s
21.60C to 30.2°C in summeL ll.80C to 22°C in spHng and autumn,and 6.50C to 13.1°C in
winteL The pH values of river samples were around neutral; however surnrner samples
exhibited a tendency to be mildly alkaline.Electttcal conducJvity was iow(Oto O.3 mS/cm)
in alrYlost a‖f the samples,with an exception of samples from downstrearn in the Kita
River(StaJOn K2),whiCh had values of 50.1,13.9 and 7(mS/cm)fOr Summett autumn and
spring respectively. This occurs due to a brackish water environment that、〃as created
owing to the backflow of seawaten DO levels vary widely among the samples ranging frorrl
3.3to 9.5 mg川Concentrations of DOC,CHB and eubacteHal16S rDNA copies werelowest
in the upstream of Ktta River(StaJon Kl)in mOSt Seasons, where the inlux of
anthropogenic disturbances was presumed lowest amongst a‖the a p‖ng stations.D()C
and CHB increased by l.7 to 5 tirnes and more than 1 0 tirnes during the flow frorn station
Kl to station K2 in Ktta River, respectivelyp possibly due to the inttow of effluents from
surrounding areas and the backflow of seawater containing contarrlinants accumulated in
the llVakasa Bay.in Yodo Rlvett concentrations of CHB,DOC,and T¨N usually ncreased
bet、″een samp‖ng stations Y2 and Y3,indicating that effluents from WWttPs
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Table 4口l Physicochernicai and biological water quality parameters in river watera
Samp‖ng
date
Station  Temp pH
(°C)
DO   Conductivly
(mgЛ) (ms/cm)
Heterotrophic
bactena(CFU/m:)
Eubactena1 16S rDNA
(MPN‐copies/ml)
Coliform count
(MPN―copies/100ml)
DOC
(mg月)
?
?
Sp‖ng
(May
2007)
Yodo 4.6X104
7.9X103
4,7X103
1.8X104
2.4X10°
2.4X104
9.3X106
9.3X104
Yl
Y2
Y3
Y4
19.8   7.7  9.1
19.4   7.4  7.6
21.0  7.1  7.0
20.5  7.4  7.9
0.1
0.1
0.2
0.1
?
?
?
?
?
?
?
?
0.34
0.69
1.9
1.5
2.3X10∠
2.9X102
1.5X 103
2.l X 102
Kla Kl
K2
0.1
7.0
8.2
3.3
0.88
0.90
12.8   7.2  8.8
16.8   6.6  6.2
4.5X10°
5.7X104
2.4X104
9,3X104
NA
9.3X 103
Summer
(August
2006)
Yodo Yl
Y2
Y3
Y4
1.4
0.1
0.2
0.1
NAa
NA
NA
NA
NA
NA
NA
NA
30.0  9.0  6.9
28.6  7.3  4.8
29.8  7.5  6.1
30.2  8.5  6.3
1.l x 104
1.4X104
4.O X 104
4.O X 104
2.3X104
2.3X104
9.3X104
9.3X104
4.3X10∠
9.O X 101
9.3X102
9.3X102
~Ti4‐■~Ty
4.3X102
Kita Kl
K2
ND
50.1
NA
NA
21.6   8.2  9.3
30.0  7.8  3 3
?
?
?
?
6.3X10°
1.l x 105
2.4X10・
1.5X104
Autumn   Yodo
(OCtOber
2005)
21.2  8.1  7.9
21.5  7.2  6.8
22.0  7.3  7.4
21.8   6.6  6.4
l
Y2
Y3
Y4
0.1
0.1
0.2
0.2
1.5
1.1
1.9
2.0
1.1
1.4
2.0
1.6
2.7X104
7.l X 103
1.3X104
3.3X104
2.4X10°
1.5X105
2.l X 105
2.4X104
NA
NA
NA
NA
Kita Kl
K2
0.1
13.9
0.36
1.8
2.4
2.6
13.4  6.7  9.5
11.8  6.5  6 5
5.7X10°
1.9x105
2.3X106
7.O X 103
?
?
?
?
Winter    Yodo
(」anuary
2007)
7.2   7.5
6.5    7.6
13.1  7.1
8.4    7.5
4.6X104
7.8X103
1.7X104
4.4X104
9.3X10°
4.3X103
2.4X104
9.3X103
3.6X101
ND
7.4X102
2.l X 102
l
Y2
Y3
Y4
7.8
8.1
5 9
4.2
0.1
0.1
0.3
0.1
6.3
5.5
11.3
6.1
0.87
0.80
4.6
1.7
Kita Kl
K2
6.6
7.1
ND
O.1
2.8
4.8
7.2  6.3
6.9  6.8
0.67
0.50
4.l X10°
4.4X104
1.5X10°
2.l X 103
3.6X101
2.4X103
aNA,not analyzed i ND,not detected
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Fig.4口l Number of bacterial species detected in river water samples co‖fro rl Yodo
and Kita Rivers. Probes with relative signal intensity > 0.l of Cy3 control spot were
iudged as positive.
located betuleen these samp‖g stations largely influenced the、〃ater quality at station Y3.
4.3  Diversity of bacterial corTlrnunity
The number of bacterial species detected in river water samples varied ranging frorn 1 5
to 807(Fig.4-1).Ofthe 1 01 6 bactettal specles targeted,a total of 854(84%)were detected
in one or more samples.A heat map(Fig.4-2)showS the presence of bacteHal species to
better understand the results visually.
Higher numbers of bacteHal species(610 to 807 species)were detected in summer and
autumn, with the exception of an autumn sample from station Kl that had only 159
detectable bacterial species.Winter samples had the lowest numbers of bacterial species,
ranging frorn 15 to 50,although one sample frorn station Kl contalned as many as 524
different species,ln sprlng,the numbers of bacterial species detected at stations Kl,K2,
Yl,Y2and Y4 ranged from 362 to 620-higher than in winter and lowerthan in autumn
and surnrYler―whereas a spring sample from station Y3 contained an exceptlona‖y low
number(1 7 species).
in the Kita Rivett fewer bacterial species were found at upstream station Kl than at
downstream stalon K2 in spttng,summer,and autumn(Fig.4-l and Table 4…2),  Very
sharp increase in the numbers of alrrlost a‖phyla was obseⅣed between Kl and K2 in
autumn.in contrast,in winter the corrlrnunity at station Kl had over 1 0 tirnes rnore species
than at station K2,as indicated above.ln the Yodo Rivett although the number of bacterial
species detected did not drastica‖y change along the flow in surnrrlet autumn,and winteL it
□Sp‖ng tt Summer□Autumn■Winter
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Table 4口2 Deta‖ed distribution of bacterial species in each sample
Pttyrυm     spttng
(TOtal prObes)a
Summer Autunnn
Yl Y2  Y3 Y4  KlK2  Yl  Y2  Y3  Y4  KlK2  YlY2  Y3  Y4  KlK2  Yl Y2 Y3  Y4 Kl  K2
ハCri770baCretta  77   63   6   55   58   77   131  130  137  125  101  129  113  118  126  117  85   119  1   9   6    12  71   1
(152)  [51]b141]14][36][38][51][86][86][90][82][66][85][74][78][83][77][56][78][1][6]14][8][47][1]
Bacleroldeわs  36   21   1   22   28   34   45   38   46   44   36   43   37   28   43   40   5    40   1   2   5    3   27   2
(48)   [75]144][2]146][58][71][94][79][96][92][75][90][77][58][90][83][10][83][2]14][10][6][56][4]
Cyar7οわacleria  35   23   1   21   25   34   33   37   31   31   36   34   29   26   36   29   1    29   0   0   0    0   33   1
(39)          [90]  [59] [3] [54] [64] [87] [85] [95] [79] [79] [92] [87] [74] [67] [92] [74] [3]  [74] [0] [0] [0]  [0] [85] [3]
Filrm′cυles     174  86   1   113  114  165  180  167  166  141  114  143  126  134  173  149  14   145  6   7   8    9   144  11p2o   
『
司 ptt pl bq bq『釧 旧q『倒
『
鋼 Юtt Юq Юtt Юq Ю釧 Ftt Юq Ю]Юtt p]p]Fi F]Юtt b]
Proleobacreria  264   155  6   203  212  261  338  336  336  306  271  334  290  307  342  327  50   341  6   11  15   20  232  24
(455) [58]  [34] [1] [45] [47] [57] [74] [74] [74] [67] [601 [73] [641 [67] [75] [721 [111  175] [1] [2] [31  [4] [51] [5]
_ハrpゎa(123)   105  65   1   89   81   103  119  119  118  108  101  117  102  110  119  114  11   117  1   4   5    6   98   12
185]  [531  11] [72] [66] [84] [97] [97] [96] [88] [82] [95] [83] [89] [97] [93] [9]  [95] [1] [3] [4]  [5] [801 [101-3era(78)    37   23   0   31   30   36   59   53   62   53   55   56   51   54   58   58   15   56   4   1   3    2   32   7
[47]  [291 [0] [40] [38] [46] [76] [68] [79] [68] [71] [72] [65] [69] [74] [74] [19] [72] [5] [1] [41  [3] [41] [9]
―Camma(133)80  46  1  60  67  77  101 112 99  93  77  107 85  94  103 102 8  109 1  5  7  10 64  5
[60]  [35] [1] [45] [50] [58] [76] [84] [74] [70] [58] [80] [64] [71] [77] [77] [6]  [82] [1] [4] [5]  [8] [78] [4]_Derla(lo8)   37   19   3   21   31   39   47   44   45   45   33   42   44   45   50   45   15   47   0   1   0    2   33   0
[34] [18][3][19][29][361 1441 1411 142][42][31][391 1411 142][461 142][141 144][0][1][0] [2][311[0]
―Eps〃Oρ(13)  5    2    1   2    3    6    12   8    12   7    5    12   8    4    12   8    1    12   0   0   0    0   5    0
[38] [15] [8] [15] [23] 146] [92] [62] [92] [54] [38] [92] [62] [31] [92] [62] [8] [92] [0] [0] [0] [0] [38] [0]
C)thers(96)    34   14   2   19   19   30   80   74   78   67   52   63   29   27   55   29   4    41   1   2   6    6   17   0
[35] [14][2] [19][19][31] [82][76][80][68][53][64][30][28][56][30]14] [42][1] [2] [6] [6] [17][0]
Total(1,016)   620  362  17  433  456  601  807  782  794  714  610  746  624  640  775  691  159  715  15  31  40   50  524  39
[61] [36] [2] 1431 145] [59] [79] [77] [78] [70] [60] [73] [61] [63] [76] [68] [16] [70] [1] [31 14] [5] [51] 14]
a Numbersin「Ound parentheses indicate totaltargeted species.
b Numbers in boxed parentheses indicate percentage of detected probes.Note the numbers are rounded―offto e‖rninate decirnal values.
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Fig`4・2 Heat map showing the distribution of
eubacteria. Eubacterial specles'hybrldlzation
pattern is represented by a heat rnap. Each
row represent individual probe of a bacterial
species as described in table 4‐2,each of 24
columns from left to right dlrection represents
a samp‖ng station for the seasons Sp‐Spring
(COlumns l_6),Su―Summer(columns 7-12),
Au―Autumn(cdumnS 13-18)and Wi‐Wlnter
(COlumns 19‐24)in the Order Kl,K2,Yl,Y2,
Y3and Y4(left tO ttght)for each season.
Rela‖ve slgnal intensity data fЮm microarray
analysis was converted into a heat rnap image
which is generated by using macros in
Microsoft Excel③
(Reference webstte:
http:〃homepage.macicom/yabyabノprogr m/heatm
ap.html accessed:February 2011).
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Fig.4‐3 Shannon―Weaver's dlversity index(Hつ calCulated frorrl the data of eubacterial
rnicroarray analyses.Calculatlons、〃 re carr ed out for spots whose relative signalintensity
was>0.l of control Cy3 spot.
increased s‖ghtly beh〃e n stations Y2 and Y3(Flg.4-l and Table 4-2). Exceptiona‖y in
spttng the number of bactettal species largely decreased from staJon Yl(620 species)to
station Y3(1 7 species)but recOvered ln Y4(433 species).
The Shannon…Weaver's diversity index 17′was calculated from the RSis ofthe detected
bacterial species. Figure 4-3 shows the spatiotemporal variation sirn‖ar to ha  of the
detected number of bacterial species described above.∴′′accounts fo  oth abundance
and evenness of specles detected.∴′′va ue incr ases if a‖pec es are equa‖y abundant or
additional new species are present. Lower H′values means that both abundance and
evenness of detected species is low.
4.4  Composition of bacterial conlrTlunity
Bacterial species detected ln the analysis are surnrnarized at the phylum levelln Table
4…2.A total of 854 bacterial species detected were classified into six groups according to
their seasonal occurrence patterns(Table 4¨3):Group A consists of 505 species commonly
presentin spring,surnrner and autumn seasons:group B consists of 220 species specific to
the season of surnrner and autumn;groups C,D and E consisted of 44,6 and 60 species
specific to surnrrlett autumn and spring,respectively;and group F consisted of 19 species
randonlly presentin winter and rnore samples.
Five phyla, Cyanοbacrerlia, 3acfero′deres, ハcrinOわacreria, Profeοbacr ria and
Firmたυres were dOminantin the Yodo and Kita Rivers in spring,summeL and autumn wvith
□Sp‖ng tt Sttmer□Autumn■Winter
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Tab:e4口3 Classification of detected bacterial species at the phylurn level according to
seasonal occurrence pattern
Phyluma Pattern
A
Ubiquitous
:n  spring,
surnrner,
and
autumn
C     D
specific  Specific
to        to
surnmer  autumn
F
Random
presence
in winter
and  one
or  more
seasons
Undetected
in any  of
four
seasons
B
Specific
to
surnrner
and
autumn
E
Specifi
to spring
スcfinobacreria  70 146]b
(152)
51[34]5[3] 3[21 2[110[01 21[14]
BacrerOderes  28 158]
(48)
15[31]1[21 0[01 214] 1[2] 1121
Cyaηοわacferia  33[85]
(39)
4[101113] 010] 0[01010] 1[3]
Filrmたυres
(226)
129[57]31[14]3[1] 1101 31[1415[21 26[121
Proleobacreria
(455)_ハrptta(123)
一Beね(78)
一   Gamma
(133)
―Derfa(lo8)
一Ebs〃Oρ(13)
230[51]
98180]
31[40]
63147]
33[311
5[38]
93120]
17114]
20[26]
36127]
13[121
7[54]
10[2]
0[01
213]
6[5]
212]
0[0]
5[11
0[01
213]
010]
313]
0[0]
1413]
212]
1[11
8[6]
3[3]
0[0]
10[21
413]
415]
111]
111]
0[01
93[201
2121
18123]
19[14]
53149]
1[81
Others(96) 15[151  26[27]24[241 0[01 9[9] 1[1] 23123]
Total(1,016)   505[501    220[221  44[41    6[0]    6016]   1912]    164[16]
a Numbers in round parentheses indicate totaltargeted species.
b Numbers in boxed parentheses indicate percentage of detected probes. Note the
numbers are rounded―offto e‖rninate decirnal values.
700/0, 68%,65°/0 57%and 57%of the average detection ratio to total targeted species,
respecJvelyJ although the most dominant phylum vatted depending on the sample(Table
4…3).In the PrOfeobacわria,the alpha subclass(average detecJon raJo in spttng,summer
and autumn:77%)was the mOst frequenJy detected,followed by gamma(average
detecJon ralo:59%)and beta(average deteclon ratio:56%)subdasses.The numbers of
species detected among the dorninant phyla clearly decreased in the fo‖owing order:
surnrner>autumn>spring>vvinter;this、〃as in accordance with the seasonal variation in
the total number of bacterial species detected (Fig.4-1).Thus, fluctuations in the
abundance of the donlinant bacterial phyla strongly influenced those of the entire bacterial
corrlrnunity.
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4.5  Principal component analysis
ln PCA based on the data of microarray analysis,almost half(49.6%)of the tOtal
vaHation was explained by extracung the lrst(PCl)and Second(PC2)pHncipal
components(Fig.4-4).Scatter plot based on the PCl and PC2 revealed that the 24
samples analyzed could be divided into three core groups, A, B and C. Core group A
conslsted of summer and autumn samples;core group B Consisted of winter samples(as
well as an anomalous sample from Kl and a spttng sample from Y3);and COre group C
consisted of spHng samples(aS Well as an anomalous sample from Y3 and a wintersample
from Kl).Further PCA performed on the samples classried intO core gЮup A clea‖y
separated summersamples from autumn samples(Fig.4…5).丁hese re uns suggestthatthe
bacterial species composition ofthe river water changed seasona‖y.丁he classification of a
winter sample from Kl and a Spttng sample from Y3 into core groups C and B,respecJvely,
was resulted from the tendency forthe PCA score which depended on the total number of
bacterial species detected in a sample.Namelyl a spring sample from Y3 that had a lower
number of bacterial species than the other spring samples was located in core group B,
which usua‖y had lower numbers of specles;conversely,a、〃inter ample from Kl that had
a higher number of bacterial species than the other vvlnter samples was grouped into core
group C.丁he PCl values obtained in the PCA(Fig.4-4)showed a strong posiJve
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Fig. 4口4 0rdination produced from PCA based on rnicroarray profiles in river water
eubactettal communtty obtained from Yodo and Kita Rivers in spttng(open circle),Summer
(C10Sed diamond),autumn(open square)and Winter(c10Sed triangle).
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Yodo and Ktta Rivers in summer(c10Sed diamond)and autumn(open square).
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Fig.4‐6 CorrelaJon between the value of pttncipal component factor l(PCl)and the
number of detected EU bacteria in rlver water samples.
correlation vvith the number of bacterial species detected as shown in Fig.4-6.in contrast,
no clear relationship was obseⅣed bet″en the PC2 values and any of the
physicochernical and biological parameters rneasured.
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4.6 Discusslon
DNA rnicroarray analysis revealed that the bacterial cornrrlunity in river water
environments varied primarily according to the seasons.Although,previous studies have
also reported a strong influence of seasonal variation in environmental conditions on the
bacterial composition of river water environment(Be‖ t al., 1982i Rubin et al., 2007),
howeverin these studies the targeted bacterial species were lirnited to a feⅥ′numbers and
a comprehensive monitottng of broad va‖e y of bacteHa at ρ tyrυ
“
level was not carHed out.
Fewer bacterial specles were detected in wlnter than in the other seasons, probably
because most of the dorrlinant bacteria ln river water are mesophilic and the COld Vvinter
temperatures are unsuitable for their growth. ln particulat although the numbers of
culturable bacteria were sirn‖ar in spr ng and winter(Table 4…1), the species diverslty
obseⅣd in the micЮarray analysis was much lowerin winter than in spHng(Table 4-2).
丁he dlfferences in 16S rDNA copy number between winter and the other seasons(Table
4-1)suggest that most of the unculturable bacteHa,which may account for>99%of a‖
bacteria in fresh water(Amann et al., 1995), do nOt persist under cold conditions. 丁he
recording of an exceptiona‖y large number of bacterial species at Kl in winter suggests the
presence of largely diverse bacteria at loⅥ/conCentrat ons and without hlghly dorninant
species.At Y3 in spring,desplte the large 16S rDNA copy numbet the number of detected
specles was qutte low(Table 4…l and Fig.4…1),and their RSI was oniy marginal.丁his
irnp‖es that those bacterial species, which are not targeted by the mlcroarray7 were
abundantly presentin this sample.
ln each samp‖ng season,the bacterial species composition at Kl,the upstrearn station
on the Ktta Rivett was hlghly differentfrom that atthe downstream staJon(K2)on the Same
river and at any stations on the Yodo Riven The physicochёrrlical wat r quality parameters
suggested that the upstream part of the Kita River genera‖y had lower po‖ution levels,
although the spring sample had relatively high organic and nitrogen concentrations. A
number of previous studies have reported that the input of anthropogenic wastewaters
containing various po‖utant , includlng eas‖y degr dable organics, nutrients, and
xenobiotic compounds,can affectthe composiJon of ttve‖ne microbial c mmuniJes(Fossi
et al,1995;Feris et al.,2004;Rodriguez et al.,2007;Rubin et al.,2007;Pesce et al.,2008).
丁hus,the difference in corrlmunity composition between station Kl and the other stations
may be due to dissirn‖arit e  in po‖ution levels. The s‖ght increase in the number of
bactettal species between Y2 and Y3 in the Yodo River(eXCept spttng)may have occurred
partly because of the growth of some species that were present at undetectable levels
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upstream and preferred the po‖uted conditions forrned by the discharge of effluent
containing various po‖utant from the llVVVTPs located between Y2 and Y3.丁he elucidation
on positive correlation betvveen concentration of some bacterial specles and po‖ution level
was previously reported(Fetts et al.,2004).The inttOw of bactenal species in the VVllVttP
effluent itself rnay also have contributed to the increase in the bacterial diversity between
Y2and Y3(lwane et al.,2001i Cёbron et al.,2004).
Samples frorn station K2 showed exceptiona‖y higher electrical conductivity in spring,
summet and autumn(7.0,50.l and 13.9 mS/cm,respectively)than thё Other samples(0.1
to l.4 mS/cm;Table 4…1).COrrespondinglyJ the bactettal communiJes in these K2 samples
exhiblted high species diverslty. ln contrast,the bacterial dlverslty at the same station in
wintet when the electHcal conducJvity was surpttsingly 10w(0.l mS/Cm),was the 10west
among the samples frorn the Kita Riven ln the brackish environment nearthe mouth of a
riveL freshwater frorrl the river and backflow from the sea interrnix, creating unique
conditions vvith characteristics interrnediate between those of freshwater and seawater and
with an increased hydrau‖c retention time. Consequently, a highly divergent microbial
communlty can be established in the brackish environment(Crump et al.,1999).丁herefore,
the high bacterial diversity obseⅣe  at s ation K2 in spring,surnrnett and autumn can be
attributed to the forrnation of such brackish conditions.
Previous studies have reported that bacterial conlmunity compositlon gradua‖y
changes in large‖vers along the course oflow(Sekiguchl et al.,2002;VVinter et al.,2007).
EspeCla‖yVげinter et al.(2007)suggeSted that such gradual shiftS result from the adaptation
of a riverlne conlrrlunity to changing environmental conditions over the course of the river.
In contrast, in the two rivers investigated here, the bacterial ёornrnunity appeared to
respond sharply to speciflc geographic features and facilitiesヽ″hich affect the river、″ater
qua‖ty rather successively adapt to changing conditions in the course of the water flow.
Such dlfferential spatial variation was likely tO have been caused by the short retention
tirnes of the rivers we monitoredl Moreover we targeted free―living bact ia in ord r to
investigate the spatiotemporal changes in bacterial cornrnunities in the river environment.
Howevett it has been pointed out that particle…attached biofilrn bacteria are also an
important part of the microblal ecosystem in ttvettne environments(Meyer1994;Crump et
al., 1999; Brunlrner et al.,2003;(Dlapade et al.,2005).ThuS,further studies focused on
biofilrrl bacteria,including clarification of the relationship between biOfilrn bacteria and the
free―livlng bacteria analyzed here, are needed if we are to thoroughly understand the
spatiotemporal variations in riverine bacterial corllrnunities.
丁he  phyla  Proreοbacreria,  Firm′cυfes,  ハcfir70baCre″,  cyaηοb creria,  and
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BacrerO′deres were fOund to be the dorYlinant bacterial groups in the two rivers.
ProfeObacわrlia, Flirmたυfes, and Cyfopわaga―Frayobacreriυ
“
_Bacわro′defes have been
commonly detected as dominant bacteHal groups in ttvettne environments(Brummer et al.,
2000; Feris et al., 2004; Crum et al., 1999: Sekiguchi et al., 2002). ln the phylum
PrOreObacゎria,the befa subclass has been obseⅣed as dorrlinantin freshwater and the
arpゎa subclass as domlnantin seawater(Crump et al.,1999).ln cOntrast,we found thatthe
ハrpttaρrOfeObacre″ w re dOminantin the two Hvers in our study.Although the reason for
the discrepancy has not been completely elucidated,this rrlay be a local characteristic of
the rivers we monitored. The presence of such indicator bacterlal species helps in
comparing the characteristics feature of the aquatic envlronment and thereby ald in
predicting the environmental soundness.
4.7  Conclusion
The results from bacterial cornrrlunity analysis revealed the spatiotemporal variation in
varlous species occurring in two sman and steep rivers typical of those present in」apan,
Seasonal variables rnost strongly affected the bacterial conlrnunity,although geographical
characteristics, including po‖ution level and specific sources(effluent frorrl 1/VVVttPs and
backflovv of seawater),Were also significant influences.VVe targeted free―living bacteria in
order to investigate the spatlotemporal changes in bacterial cornrnunities ln the river
environment. Howevet it has been pointed out that particle…attached biofilrn bacter a are
also an impottant patt of the microbial ecosystem in ttvettne environments(Meyer1 994;
Crump et al.,1999;Brummer et al.,2003;〇lapade et al.,2 5)and further studles are
needed to investigate them.
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CHAPttER 5
0)cculFFence of BQdeFiQl
Pttthogens in IRiveFs
5.l Background
Since surface freshwater is a pttmary source of dttnking water for the maioHty Of the
world's human population, appropriate assessment and management of surface water
quanty iS Of great lmportance to protect against potential health risks associated with
unintentional ingestion of nlicrobiologica‖y contanlinated surface waten Nevertheless,
during the last decade, 21 health hazard cases in Japan were caused by pathogenic
microorganisms, including Escわeri わね cO〃, Campyrobacrer 」ieJiyρ′, Sわoerra sOnne,
P′esわ
“
Onas sわoe〃ο′des,yersわね enferoco″
`′
a,Leprosprira spp.,C′οs[百diumわof″′inυ
“
,
norovirus, and rotavirus, in drinking water supp‖ed f om pub‖c or private water supply
systems(Yamada et al.,2007).Plant and ish and shel「ish pathogens have also caused
serious damage to agriculture and fisheries and have disrupted natural ecosystems. Tb
reduce the incldence of disease and problems caused by pathogenic microorganisms,
more adequate prediction of pathogenic contarnination of water sources is required, in
addltion to improvement of water resource rYlanagement and dislnfection systems.
ln this chapteL bacterial pathogens were lnvestigated using a[DNA rnicroarray targeting
1 01 2 species/groups of bacterial pathogenO infectious to humans,anirnals,plants,fish,and
shellfish to comprehensively understand the occurrence and behavior of rnultiple bacterial
pathogens in rivers. Based on the results, correlation of pathogens detected in multiple
samples with total coliforrns,a conventional hygienic water qua‖ty ind catoL、″ s assessed.
5.2 Pathogen profile in river waters
As shown in Table 4-1(seCtiOn 4.2),heterOtrophlc bacteHa occurred in ttver water
samples in quantities on the order of 103 t。105 cFUノrrll.Tbtal coliforrn counts in spring,
summett and vvinter samples varied frornく3.6X101to 9.3X103 MPN/1 00 nnl.Spttng and
surrlrner samples tended to have higher total coliforrrl counts than、〃inter s mples.
A total of 87 bacterial pathogen species/group, including 21 biosafety leve1 2(BSL2)
pathogens,were detected by the DNA microarray of 24百ver water samples(Table 5…1).
Forty―nine ofthe 87 pathogens(‖Sted in Table 5…2)w re presentin two or rnore samples,
and 45 ofthese pathogens、〃ere f und in both rivers.Furtherrnore,27 ofthe 49 pathogens
were present in tto distinct seasons, whereas the other 22 were detected in only one
samp‖ng period.The distribution of the remaining 38 pathogens,which each occurred in
only one sample,was as fo‖ows:3 at Y2,6 each at Yl,Y3,and Y4,and 17 at K2.Although
most  of  the  detected  pathogens  were  human  or  anirrlal  pathogens,  two
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lsh/shelrish_infecJous pathogens, PseυσOarrerOmO as arranflica(COSta―Ramos et al.,
2004)and 1/ib″ο c力orerae/m′
“
′cυs(Kiiyukia et al.,1992),and tWO plant pathogens,
ハgrobacferliLJm fυmefac′ens(Escobar et al.,2003)and Cravibacrer m′cゎOanensお(」ahr et
al.,1999),VVere also detected,each in only one ofthe 4 samp‖ng periods.
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Table 5日l Relative signalintensity of positive pathogen probes in 24 river water samplesa
Pathogcn species/師oup Octobcr1 2005
Yl  Y2 Y3 Y4 Kl
August,2006                    Janu岬12007                  Mミ、2007
‐ Y   Y2 Y3 Y4 Kl  K2 Yl  Y2 Y3 Y4 Kl  K2 Yl  Y2 Y3  Y4 Kl  K2
Иιοttνめガοε′′ルわsοルι″s
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∠οttιわらαεた′α″′tF曲″
Иε′″ιわらαεたr bα″″α″″jJ
Иοブηθゎらαοた″みαθ″οヶric郷
И
`滋
′ゎらαιた′li9み″sο′′
И
`″
θわらαοた″′ν″ガ
Иι″ιゎらαο″″恥中 t
∠ι滋
`わ
bαοたr ra品4asお″′s
Иε′′″οらαεブ77zs″″ris
И
`′
ルοらαοブ:lus′ル″κψ″ι″″ο″″ι
Иο′,″ο″α″′′α spp
Иeg履ガ=翻
ι″α′ν″ο″″
ИgЮらαε
`"2″
ル″グケεた″S group
И″
`ψ
′αs″α″α慇″αルたι″′″た
И″″ras″α′Йαgοの′メ
"乃
′Zα
И´οοらαcr`″genus
Иκοらαιたr sp.
Bαοた ο´7グas disrasο″な
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Bαιたot&sz″α夕ο郷
Bαル`
α
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晦 S″`あ
滋′ルSpp.
恥 S″ιわ″′所蒻郷′9ρα滋力ι          l.29
い 、わθわ″rirゎ″s′JJa″7          0.65
0.62 0.25 0.51  0.30
0.26  0.60  0.61
0.54  0.58  0.69
0.30
0.4
0.57
0.42
0.27  0.95
1.19  1.19 0.91  1.42
1.15  1.13  1.30
0.66
0.26
075
068
0.71
0.33
0.69
059
0.56
0.62
0.30
0.27
0.60
0.56
0.56
0.54
0.61
0.57
0.41
0.25
0.57
0.49
0.43
0.29
0.37
0.59
0.64
0.66
0.63
0.54
0.34
0.58
0.40
0.56
0.36
0.30
0.31
0.31
0.67
0.57
0.31  1.42
0.54
0.50
0.29
?
?
?
?
?
?
?
?
?
?
0.64  0.62  0.87  0.65  0.57  0.56
0.95  0.82  0.82  0.79  1.05  0.58
0.57  0.49  0.90  0.62  0.79  0.63  0.54  0.55  0.64
0.81  0.57
0.93  0.63  0.57
0.83?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
0.47  0.30  0.62
0.97
0.58  059 0.97
0.37  0.63
0.43 0.58
0.52  0.63
0.26
0.61
?
?
?
?
0.33  0.52 0.30
0.38  0.63
0.29 0.37
?
?
?
?
?
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Table 5‐1(conJnued)
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0.56 0.86
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0.63  0.73
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0.56 0.59
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?
?
?
?
?
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1.36
0.32
0.97
1.06
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1.06
1.03
0.27
0.81  0.89
0.89  0.94
0.74 0.94
0.58  0.64
0.89  0.51
0.34
0.58  0.97
0.99  0.85
0.92 0.96
1.05  0.47
0.53  0.46
0.85  0.77
0.77  0.63
0.94  0.86
0.50 0.41
0.69  0.57
0.79  0.63
0.60 0.60
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0.57  0.63
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0.59  1.00 0.85
0.96  1.06 0.84
0.64  1.02  0.89
0.31
0.34
0.48
0. 4 0.54
057  0.44
0.80 0.78
58  0.80
0.71  0.85
0.65  0.82
0.83  1.04
0.79  0.99
0.81
0.26
0.31
0.40
0.39
0.26
0.29
0.27
0.35  0.51  1.33  0.67
0.28
0.46
aBlank indicates the negat市e result←e adVe signal mtensity<0。25).
b The same species with different numbers in parentheses indicate the probes designed based on different sequences iom the same species.
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Table 5‐2 Biosafety level of pathogens detected in h″o or more samplesa
Pathogen species/groupBSLb  Pathogen species/groupBSL  Pathogen species/groupBSL
Acetivib″o ce〃′osoryens        _
AcI′,obac‖″sm″s            ―
ДcI′,oわac‖ys prerrOp″e″
“
o"ねe   l
Camρyfoわacrer spυ10″m
C力γseOわacferium menわgos ρficυm group(1)C
C menわgoseprc″用 grOup(2)
cravゎacrer m′cヵむanensた
Epeりfわrozoo,spp.
1-2  Eysiloe′0的放 清υs Oρaめriae
■eprOspiranogrcわ〃
Leprospルa parya
■eprOspルa sanfarosa′
″a″″力e′ηfa gra″″′omatis
″a″″力efmね力aemoryfFca
Maガ,ospirill″m megarerrIIm
″oraxe〃a caviae
″oraxe〃a rac″″ara grOup
vycobac勧イ″
“ “
″coge″′C
“
C)′sene〃aυ〃
Pasfe″rerra beffyae
Pasrerre〃a caba″
Pasre″rerra pne″mofropたa(1)
月ρ″ermofropたa(2)
Treponema de″:′cora
ハcrinOmadυr  spp.
ハegypriar7e〃 ρJrro“υm
スρaρrasma margiloare/cenfrare
ハr7aρraSma ρttagoc/Op力〃a
スrcobacfer genus
BacrerOrdes disfaso″rs
3acfero′des υrear/icυs
Battea〔慮 arpたa
Breyυndimοηas dimttυra
Breytrndimonas group
Campyfobacfer cοr7CiSυ
Camρy/obacrer felυs gЮup
Campyfobacわr」げυρ′grOup
Campyfobacter recrrs
EySriOerO的慮 f ns〃′a″切
Ewinge〃a amorcana
Haemop力〃Js′
"″
″e″zae(1)
‖ わff″e″zae(2)
〃aemop力′ルs paras″お (1)
‖ paras″お (2)
〃aわねaルef
Krebsferra OxyfOca group
KfJyyera ascorbaね
2
1
2
1
1
1
1
1
1
1
2
1
2
2
1
2
1
2
2
2
2
1
2
1
1
1
1
1
1
1
1
2
1
1
2
2
1
1…2   κ′■yvera c7ocrescer7S
Lacfobacilllυs spp.
a Pathogen species/groups shown in boldface were assessed fortheir correlation with total co‖forms.
b Biosafety level(BSL)according to the」apanese Society for Bacte百ology(J panese Society for Bacte百olog ,2007).
C Numbers in parentheses fb‖owing the species name indicate that probes、Ⅳere designed based on different sequences ofthe same species.
…50-
The number of pathogen species/groups found varied among samples (Fig.5…1).
SirYl‖ar numbers of pathogens(16 to 20 species)were detected at a‖six samp‖ng tations
in spring and winteL Even the pathogen profile was alrnost identical in the 12 samples
co‖ected in these seasons; the fo‖owing species were present in a‖ 12 samplesi
ハci′ηOわac″υs ρ′eυropneυ
“
οηbe, 3aわe r″χ arpたa, HaemOρわilus rinfryenzae and 晟
ρarasυた,νanηわe′mねgrarυo“aris,ν.ゎaemοJ/iCa,Marilnοsp′″〃υm megafe″υ
“
,and
νoraχe〃a ca1/iae and ν.ノacυ ara. Surnrner samples contained the lowest numbers of
bacterial pathogen species(9t016 specles)amOng the four seasons.ln autumn,10, 15,
and 13 pathogen species occurred at stations Y2,Y3,and Y4,respectively.ln contrast, in
the same season, 24 and 32 difFerent pathogens occurred at stations Yl and K2,
respectively.Exceptional!ンLa‖1 01 2 bacterial pathogens targeted vvere below the detectlon
‖mitin autumn at staJon Kl.
ln the Yodo Rivel 16,5,9,and 15 species/groups、〃ere detected at a‖four stations in
spttng,summeL autumn,and winteL respectively(Table 5-1:Fig.5-1).丁he numb r of
pathogen speclesincreased from Y2 to Y3 and s‖ghtly decreased from Y3 to Y4 in surnrner
and autumn.ln surnrner,7 and 5 species/groups that were never detected atthe upstream
stations Yl and Y2,respectively were found at Y3 and Y4,respectively.ln the Kita Rive島
the pathogens detected at stations Kl and K2、〃ere completely different between stations in
surnrner and autumn although alrrlostidenticalin spring and wintet as rnentioned above.
ln the PCA againstthe occurrence pattern of bacterial pathogens ln river water samples,
excluding the autumn sample from Kl,in which no pathogen、〃as detected,73.00/O of the
total variation was explained by the first(PCl)and seCOnd(PC2)prinCipal components.
????」?????
???
??
??〓〕??
?
」??
??
」?
」???
??
35
30
25
20
15
10
5
0
Fig.5‐l Spatial and temporal variations in the number of pathogenic bacterial species in
the Yodo and Kita rivers. Probes wlth relative intensity>0.25 in the microarray analysis
were judged as positive.
Yodo River
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Scatter plot based on PCl and PC2 revealed thatthe 23 analyzed samples fe‖into three
distinct groups A,B,and C,depending basica‖y on th  season of s mple co‖ection(Fig.
5-2)i group A consisted of a‖of th  spring and、〃inter samples,group B consisted of the
autumn samples frorn a‖tatio s on the Yodo Rlver and statlon K2 on the Kita River and a
surrlrner sample from Kl,and group C consisted ofthe sunlmer samples from a‖ta ions
on the Yodo River and from K2 on the Kita RiveL
5.3 Correlation between pathogens detected by nlicroarray and total
coliforrrls
丁raditiona‖yJ water quality ls rneasured in terrns offecal bacterlal count.ln this study vve
wanted to establish a correlation betureen coliforrn count and the detected pathogens from
rnicroarray experiments.丁he correlation between the RSls ofthe 30 probes detected in two
Or more samples in spttng,summel or winter(shoWn in boldface in Table 5…2)and the
relative total coliforrn count was assessed.The RSl of 1 8 probes increased with the relative
total coliform count(e.g.,Fig.5…3A―C).ln COntrast,the remaining 12 probes corresponding
to ll pathogenic bacteria did not show a positive correlatlon llvith the relative total coliforrn
count(e.g.,Fig.5-3D―F).丁he latter group induded 4 fecal bactetta(Campyfobacrerrec″s,
-0.5
-1
-0,6 0    0.6
PCl(52.7%)
Fig. 5‐2 C)rdination pЮduced from a principal component analysis based on pathogen
prolles of Hver water samples collected from the Yodo and Kita ttvers in spHng(open
circles),summer(closed diamonds),autumn(open squares),and Winter(cloSed tHangles).
?
?
?
?
?
?
?
（?
?．??
???
1.2
Group A
′      ｀101
Group C0
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AR2=0.2812
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‐0.2
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0.1
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‐0.2
‐0.3
‐0.1
‐02
‐0.3
‐0.2
?
?
?
?
‐0.1
‐0.2
‐0.3
‐0.4
‐4     ‐2     0      ‐8  -6     ‐4 ‐2      0      ‐8     ‐6    ‐4
Log((MPN¨total coliform count/CFU¨heterotrophic bacteria)+O.0000001)
Fig. 5‐3 Examples Of correlations bet、〃een the coliforrn count and the relative signal
lntensity of pathogen probe detected.丁he total collforrrn count relative to the total number of
heterotrophic bactetta was used.A,3aわearn榛arpた;B,νOraχerra c viae:C,PasretJre〃a
beffyae; D, ハc″ρObac″υs ρfeJroρreυmοЛねe; E, Haem9ρ力〃υS わ″υenzae (1); R
Mar7r7カeルη′a granυ′οmaris.A,B,and C are examples of a positive correlation,and D, E,
and F are examples without any positive correlation.
とθρfOSp′僣 ″οgυc力〃,とeρfosp″a ρa″a,とeρfosρ″a sanfarosa′)and 7 non―fecal bactetta(ス.
ρreyrOpneυmOηねe,印eダわrOZοn sρρ.,月.わ″υenzae,月.ρaκ〕sJis,KrebsFerra ox/Oca
group,ν.granυfomaris,and PasfeJrerra ρreυ
“
ofrop′ca 12 targets]).
5.4 Discusslon
ln this chaptet the sirrlultaneous detection of multiple pathogens in surface llvaters from
the Yodo and Klta Rivers in the Kinki district of」apan was carried out.C)fthe two rnonitored
rivers,the Yodo Riverls a relatively po‖uted urban riveL whereas the Kita Riveris a clean,
rural river.The geographical features of the tvo river basins suggest that neither has any
potential fecal sources other than WVVttPs. No unusual abundance of fecal indicator
bacteria in the WVVttP effluents orin the surface waters of either river has been reported in
recent years.Therefore,the health risk associated with waterborne pathogens does not
appearto be eas‖y predictable by use of the conventionalfecalindicators in these baslns.
Nevertheless,there were a total of 87 pathogen species/groups in the suⅣey.ln addition,
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more than half、〃ere present in both rivers,and one…third occurred in two seasons.丁hese
results suggest that specific groups of bacterial path6gens may be cornmonly present in
surface waters in the monitoring region. Furtherrnore, the detection of fish/shellfish and
plant pathogens, in addition to human and anirnal pathogens, indicates that the surface
waters may pose health hazards to various organisms, vvith coηsequent economic and
ecological damage.
丁he pathogen profile in the surface waters of the monitored rivers varled primarily
according to the season.As described in chapter 3,total bacterial cornrnunity in surface
waters ln Yodo River and Kita River varied seasona‖y. Thus, it was expected that the
pathogen profile in the rivers changes in accordance with the natural,season…dependent
appearance/disappearance of rnicroorganisms.lt has been also reported thatthe incidence
of some kinds of pathogens in river environments is influenced by seasonal variables,
particularly water temperature(Eyles et al.,2003;PfefFer et al.,2003;Caruso et al.,2005;
Hsieh et al.,2008).
Bacterial pathogens enter surface waters from both point and non―point ou ces,
including in raw sewage,effluent fronl VVVVTPs,and run―Off rn agriculture and livestock
farrning(Lemarchand et al.,2003;Exa‖t al.,20 4:Kirn et al.,2005;Savichtcheva et al.,
2006).Among these potential sources,effluentfЮm WWttPs i  recognized as an important
pathogen source that can alterthe pathogen profile along a river's course.ln our monitoring
area, severalヽⅣVVTPs are located betuleen stations Y2 and Y4 on the Yodo Riven tthe
number of pathogen species/groups became margina‖y elevated between Y2 and Y3 in
surnrner and autumn,and several pathogens that vvere absent at the upstrearrn stations
emerged at Y3 and Y4 in summen From these resuLs, we inferred that effluent from
WWTPs s‖ghtly impacted the pathogen profile of the Yodo Riverin sunlrner and autumn.
Howevet no noticeable irnpact was obseⅣd in spring or、″intet suggesting that the
influence ofllVVVttPs on the pathogen profile in the Yodo Riveris rnarginal,despite the input
of a large amount of WWttP effluent by repeated use of river water(by the Jme it reaches
the nver's mouth the downstreamithe water has been used ive Jmes)(Sum10mO et al.,
1998),compared with the predominantimpact by seasonalfactors.ln the Yodo River basin,
coverage ofthe sewer system was nearly 90%in FY2004.ln addition,llVVVttPs within the
basin are equipped with satisfactory disinfection units.These facts suggest that WVVTPs
are not a significant pathogen source in the basin because the public sewer system has
been sufficiently irnproved, even though the Yodo River basin is relatlvely po‖uted
according to the B()D level.
The bacterial species diversity in river waterincreases atthe mouth,where a brackish
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Table 5日3 Pathogenic bacteria uncorrelated with coliforrn count
Feca1/Non―fecal Patk)gen species               Biosafety lever
Fecal Cαη ′οbαθ′θ″′θι′グs
丞〔Jθbs′θJ′αЭッ ′οεα group
Zυゎ理9′″α″οg″σ乃ガ
Z響ゎΨirα′αフνα
五
`P′
οttρ′α Sα″′α′Osα′
?
?
?
?
?
Non‐fecal ∠θ′′″οια
`′
llusPルク′
`フ
″θッ″ο″′αθ
ル ιηttrοzοο″spp.
肋 θ
“
響力′加 ′〃物θttθ(SerOtype A)
Z″θ″υ乃ガπs′α′″%お(serotype B)
ル物
“
″力θ′
“
JαぎQ″%わ
“
α′な
Pαsたν′θ′励′κι%“ο′9′たα(SerOtypes B,C)
a:BIosafety levelto human determmed by World Hcalth Org〔mzation.
water environment results from the mixing ofttver water and seawater(Crump et al.,1999;
Hewson et al.,2004).ThuS,We speculated thatthe pathogen diversity would also be higher
at the rnouth of a river than further upstream where no rnixing occurred.As expected,our
results,hoWed thatthe pathogen species richness in the Kita River was greater at K2,near
the mouth ofthe Hver(nea‖y500 m upstream from the mouth),than at Kl.丁he occurrence
of the highest number of distinct pathogens at K2 presumably also resulted frorn the
unusual condltlon of a brackish water environment, namelyl characteristics interrnediate
bet、〃een those of freshwater and seawaten Therefore,vvaters at the river rrlouth, under
brackish llvater conditions,are likely to seⅣe a  a reseⅣoir of diverse bacterlal pathogens
even in the case of a less…po‖uted river‖ke the Kita RiveL
Recent studies have shown that conventional hygienic water qua‖ty i d cators are ot
weH correlated with feces―related bacterial pathogens such as the BacreroriJes_Preyore〃a
group(Okabe et al.,2007),Campyfobacrer spp.(Hёrm n et al.,2004),Sa′
“
οnefra spp.
(Lemarchand et al.,2003),and yersin′a spp.(Lund,1996)or eukaryotic pathogens such as
cryprOsρridium spp.(Lund,1996;Lemarchand et al.,2003;Hёrrnan et al.,2004).ln thiS
studylit was obseⅣed that ll ofthe 30 pathogen species/groups assessed did not shoⅥ′a
significant positive correlation with total coliforrns (Table 5-3). TheSe species/groups
included not only opportunistic but also BSL2 pathogens (Haemoρ力rilys ′nfryenzae,
Haemορわ〃υs ρarasυた,Krebsゎ〃a Ox/oCa,and Pasfeυre〃a ρneυ
“
Ofropたa),and mOre than
half were non…fecal.Tb our knowledge,this ls the first report suggesting the possib‖ity that
multiple pathogens,including both fecal and non―fecal ones,show a low correlation with the
conventional hygienic indicator.丁he lack of a positive correlation between these pathogёns
?
?
?
?
?
?
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and the conventional fecal indicator rnay reflect dissirn‖ari y in the nvironmental behavior
between some bacterial pathogens and the indicator bacteria(Lemarchand et al.,2003;
HOrrnan et al.,2004).A/10reOver,with respectto non―fecal pathogens, he source and route
of their discharge into surface、〃aters dif er frorrl those of the fecal indicator bacteria,which
may be another important reason for the lovv correlation.Because species ofとeρf spira,
which have in fact caused a human health hazard via the drinking water supply in Japan
(Yamada et al.,2007),were amOng the pathogens that did not correlate with total coliforms,
it is clear that the conventional hygienic indicators cannot necessarily predict the
occurrence of significant bacterial pathogens, as obseⅣed from our results. Therefore,
systematization of a new set ofindicators that can comprehensively predictthe occurrence
of various pathogens ls strongly required for assessment ofthe health risks associated with
waterborne pathogens.Arnong the pathogens that did not positively correlate with the total
coliforms in this study,high―Hsk(BSL2)and nOn…fecal pathogens may be candidates for
new indicators. FrorYn the viewpoint of preventlng damage to agriculture and fisheries as
we‖as ec91ogical damage,pathogens lnfectious to fish/shellfish and plants should also be
considered as candidate indicators for advanced rnanagement ofthe aquatic environment.
Further study on the sirnultaneOus deterrnination of the occurrence of the candidate
indicator pathogens suggested here and in earlier studies(SaviChtCheva et al., 2007)
should be perforrned by cost―eff ctive and re‖able molecular tools such as multiplex
real―ume PCR(lbekWe et al.,2002i EIlzaquivel et al,,2008)to establish an ideal set of
hygienic indicators for advanced rnanagement ofthe aquatic environment.
5.5 Conclusion
丁he distribution and frequent occurrence of rnultiple pathogens from Yodo River and
Kita River have been studied in this chapteL A broad range of pathogens infecting humans,
anirrlals,plants,fish,and shellfish vvere targeted.A total of 87 pathogens were detected in
24 river water samples,and more than half ofthem were presentin both the rivers,丁here
was a strong influence of seasonal variation ln the pathogen occurrence.Several non¨fecal
pathogens showed a negative or no correlation with the total coliforrns. Thus the
conventional hygienic indicator for fecal contarnination is inadequate for comprehenslve
deterrnination of the health risks associated with contarnination of river、Ⅳater by bacterial
pathogens,and systematlzation of a new set ofindicators that can comprehensively predict
the occurrence of various pathogens is strongly required for advanced management of the
aquatic environment.
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CHAPttER 6
Gene廣コ1(Эonclusionils
Biologicalindicators have received much attention for the assessment of soundness of
aquatic environment underthe goal of creating and consenling healthy aquatic ecosystem
and healthy water circulatlon system. ln particulat rrlicroorganisms play pivotal roles in
breaking down organic rrlatter and rerninera‖zing nutrients and thus largely influence the
energy flux and elemental and material cycles in aquatic ecosystenl,which suggests that
rYlicrobial indicators would be greatly helpful to understand and assess the soundness of
whole ecosystem.Howevet aquatlc rnicrobial conlrnunity largely fluctuates depending on
the natural vattables(e.g.seasonal vaHables)and anthrOpogenic impacts.To establish
practical microbial indiCators,itis of greatimportance to profoundly understand the shift of
micЮbial communly(popula10ns)in response to the change of environmental cond性ion.
Therefore, in this studyl total bacterlal conlrnunity specific functional bacterial genes
and pathogenic bacteria were selected as candidate rnicrobialindicators,and theirfates in
river water、″ere analyzed using DNA microarray technique. A total of 24 surface water
samples co‖ected seasona‖y from 4 stations of Yodo River and 2 stations of Kita River
were suuected to the analyses.
ln chapter 3,the occurrence and distribution of a total of 33 bacterial functions using 85
gene probes related to organic po‖utant degradation,carbon,nitrogen and sulfur cycles,
metal rnetabo‖sms,and energy flow in river water were investigated.lt was observed that
the presence of functional bacterial genes was greatly influenced by the seasonal
variations.Especia‖ェin surrlrrler,the detected genes were in larger numbers than in other
seasons.Furtherit was revealed thatthe number of detected functions decreased by water
retention time in a dam or lake, whereas they increased by receiving WVVTP effluent.
Results obtained here suggested that 33 rnicrobial functions were classified into three
groups:lA)universally present genes,(B)genes specncally present under specric
geographical and seasonal conditions and(C))nOn_existent genes. Functional bacterial
genes classried in the group(B)May be useful as indicators for the assessment of
environmental soundness because their presence (or abSence)is influenced by the
physiochenlical parameters and the water quanty COnditions than group A or group C
genes.
ln chapter 4,total bacterial cornrnunity in river vvater samples was analyzed using a
DNA microarray targeJng 101 6 eubacteHal species(ハcrirlοゎacreria,1 52i Ba f roFdefes,48i
Cyanobacわrlia,39;Firmたυfes,226;Proreοbacf ria,455(arpわa subclass, 123;bera
subclass,78;gam′ηa subclass,133;derfa subclass,108;eρs′oη subclass,13):others,96).
lt was revealed that seasonal variables rnost strongly affected the diversity and composition
of bacterial cornrnunity.ln particulatt the number of bacterial species in winter was quite low
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as compared with thatin the other seasons.ln additiOn,the dlversity of bacterial conlrnunity
in river、〃ater was influenced by the inflow of WVVttP effluent and backflow of seawaten
These results suggested that the overa‖bacterial diversity can be expressed in terrns of
seasonal influencing factors,geographical features and river rnanagement factors for the
use in assessment of soundness of aquatic environment.
ln chapter 5,the occurrence of 1012 species/groups of bacterial pathogens infectious to
humans,anirnals,plants,fish,and shellflsh in river waters was investigated.A total of 87
pathogens including 21 BSL2 pathogens were detected in 24 river ulater samples, and
more than half ofthem were present commonly in Yodo River and Kita Rlven There was a
strong influence of seasonal variatlon in the pathogen occurrence.ln addition,the number
of pathogenic bacteria in river water appeared to be increased by the VVVVttP effluent load
and backflow of seawater(Crump et al.,1999; Hewson et al.,2004).Several fecal and
non―fecal pathogens did not shovv a positive correlation with the total collforrns,suggesting
that the conventional hygienic lndicator for fecal contanlination is inadequate for
comprehensive deterrnination of the health risks associated with contarnination of river
water by bacterial pathogens.
According to the results in this studyl a hypothetical scheme for evaluating the
soundness of aquatic environmentis proposed.ln case of functional bacterial genes,those
functions belonging to group(B)(genes specifica‖y resent under ertain geographical and
seasonal condiJons),namely organic pollutant degradaJon,elemental and mateHal cycles
(CarbOni nttЮge  and surur cycles and energy low)and metal metabolism,can be applied
in the environmental assessment scheme. As for total bacterial cornrnunityl the total
bacterial diversity,which is expressed by the dlversity index and certain coefficients based
on seasonal factors and geographical and river rnanagement factors,can be an indicaton
ln case of pathogens,hygienic safety can be evaluated based on the population and BSL of
each detected pathogen although certain welghtlng coefflcients for specific geographical
feature and seasonal variations were not considered. ln addition, the physicochenlical
parameters used in current environmental assessment should be included because they
greatly influence the soundness ofthe environment.
丁herefore, by calculating the scores for total bacterial diversity, organic po‖u nt
degradation function,elemental and rrlaterial cycling function,rnetal rnetabo‖z ng function,
hygienic safety and physicochernical status and expressing ln radar chart,the soundness
of aquatic environment can be visua‖y understood. Fig。 6-l shows an example of the
application of evaluating the soundness of aquatic environment proposed here.ln the radar
chart,high scores oftotal bacterial diversity and organic po‖utant degradation,elemental
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Chemical
degradation
Hygienic safety
Metal metabolism
Fig.6‐l Proposed scheme for evaluation ofthe soundness of riverine environment
and material cyc‖ng and metal metabo‖zing functions mean high diversity and high
potentials for the functions, respectively. ConverselyJ high scores of hygienic safety and
physicochernical status mean high po‖utant level.Based on the score distrlbutlon pattern,
environmental status can be classified into a variety of types. For example, organic
po‖utant degradation function can be roughly classified into four orades,coupled with the
po‖ution level.丁hat is,a riverine environmentin vvhich the pO‖uta load is very low and the
organic carbon degradation potentialis also low as shown by a hypothetical case l in Fig.
6-1 1s a virgin area without impact frorrl anthropological activities for a long period.in an
environment vvith loⅥ′po‖u antload and high organic po‖utant degradation potential shown
as case 2 in Flg.6…1, h h water quallty has been kept by sufficient natural purification.
Station Kl in Klta Rlverinvestlgated in this study rnay be under this condition.By contrast,
in an envlronment when both the pO‖utantload and organic po‖utant degradation potentlal
are high as case 3 in Fig.6…1,although the natural purification potential has been enhanced
due to log―terrn po‖ution, water quality is not maintained. An environment where the
po‖utantload is very high but organic po‖utant degr dation potentialis low,as case 4 in Fig.
6…1,indlcates that natural purification does not work we‖due o abruptincrease of po‖utant
load.丁his scheme can be used to assess the overa‖c ndition of a given environment by
identifying the above input parameters and evaluating the microbial effectiveness in
reconditioning the aquatic environment.
By the use ofthe scheme as proposed here,evaluation ofthe environmental soundness
frorn various viewpoints can be accomplished.Howevet there exlst significant lssues to be
addressed so as to accomp‖h adequate assessment of the environmental soundness.
Fi「stlyJ the investlgation was perforrned once for each season and the data frorn DNA
-O Casel
Mate‖al  ~CaSe 2
cycle     tt Case3
-E―CaSe 4
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rnicroarray analyses were not quantitative. Tb accurately understand influential factors,
investigation should be continued for long period.Because it is difficult to get quantitative
data ln DNA rnicroarray analysis, quantitative methods such as rea卜time PCR should be
app‖ed fortarget bacteria or genes selected in DNA nlicroarray analysis.ltis necessary to
accumulate quantitative data for target bacteria or genes so as to quantltatively evaluate
indlvidual lndicaton Secondlyl although this study targeted free―livlng bacteria in su fac
watett bacteria attached to particles and presentin sedirrlent also rnake a great contribution
to the po‖utant degradation and material/elemental cycles in the river envlronment.Thus,
bacterial cornrrlunity in whole river environment should be included in the investigation.
Thirdly,the target in the investigation of bacterial functions and pathogens was insufficient
and should be expanded for overa‖understanding of bacterial conlmunity.As for bacterial
functions, those functions related to the degradation of varlous xenobiotic compounds,
phosphorus cycle and so on should be included in the analysis of environmentalfunctions.
ln addition, virus and bacteriophage should be included in the analysis of pathogens.
Fourthly the scoring system in the environmental soundness assessment scheme
proposed above should be scientlfica‖y estab‖shed. Further studies to overcome these
issues can provide a practica‖y usable environmental soundness assessment systenl for
creation and conseⅣation of healthy aquatic environment.
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APPENDIX A
詢11icnQrFQy AnQlysis研′
巨ubade画Ql Communiり
Qndl BQdeFi口I PQthogens in
L_ondfill Leochate ttom
Thtte Diはり聰nt LQndfills in
」opan
A.l  introduction
Leachates are generated、〃hen rainwater enters a landfi‖site and in the absence of a
proper landfi‖lining this leachate rnay percolates eas‖y in the environment contaminating
the groundwater sources. Landfi‖s ar  deposited with hundreds of thousands of
heterogeneous waste materials,thus leachates can have a complex characteristic often
containing vaHous toxic and‖fe hreatening compounds(Omana et al.,2008).Leachate
characteristics vary considerably according to the type and composition of wastes,the age,
status and design of landfi‖, and so on(Kumar et al., 2005). MicrObiOlogical studles in
landfi‖s are of great lmportance for the fo‖owing two r as ns,Flrstlyl as microorganisms
are vitalin decomposing waste compounds in landfi‖s,in particular,rnembers ofthe domain
Bacteria undertake most of the biochernical reactlons toward the waste decomposition.
Thus, their fates are closely ‖nked with the stab‖ization of landfi‖s ‖ke the qua‖ty of
leachates generated, release of harrrlful gases, and so on. Secondlシら andfi‖s are a
potential source of pathogens because、〃 stes disposed in landfins include sewage sludge,
garbage and anirrlal feces.Thus,leachates running from landfi‖s can po e a health¨risk if
they get released without propertreatrrlent ofthe pathogens(SObSey,1978:Fedorak et al.,
1991:Straub et al.,1993).
In recent years, several researches have analyzed the entire bacterial cornrnunities
(Huang et al.,2004;Huang et al.,2005:Sawamura et al.,2007)and alSO reported the
Occurrence offrank and oppottunisJc pathogens in bulk soils as well as ieachates(C00per
et al., 1975: Sobsey7 1978; Hale Boothe et al., 2001; Graczyk et al., 2008).HoweVet
detection of bacterial pathogens vvas lirYlited to culturable populations,and the occurrence
of pathogens in a viable but non…culturable state was not reported yet. For exactly
assessing a possible nlicrobial health risk derived frorn landfi‖ing and estab‖shing a
preventative strategy what kinds of and how many pathogens emerge in landfi‖leachates
should be elucidated by the app‖cation of rnolecular methods.
To give some insights into the rrlicrobiology in landfi‖ ecosystems and the potential
rnicrobial contarninatlon in leachates,the overa‖eubacterial cornmunity and the bacterial
pathogens occurring ln leachates co‖ected frorn three landfi‖ that were different each
other in the disposed wastes and the landfi‖ age were analyzed using DNA microarray
technique.
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A.2  Materials and rrlethods
A.2.l Leachate samples
Leachate samples used in this study were co‖ec ed once during FY2005 frorrl three
dlfferent landfi‖sites in」apan. Characteristics of three landfl‖ and th ir leachates are
surnrrlarized in Table A-1.Three landfi‖s received difFerent type of so‖d wast s,and landfi‖
B was sti‖active lArhile landfi‖s A and C had been closed.Leachate in landfi‖C contained
much higher concentration of organlc compound and nitrogen than in the otherlandfi‖s.
A.2.2 DNA rrlicroarray analysis
Microarray analysis was carried out using two types of DNA rnicroarrays, eubacterial
rnicroarray targeting 1016 eubacterial species and pathogen rnicroarray targeting 1012
bacterial pathogens.A/1icroarray analyois and thereafter statistical analysls was perforrrled
in accordance with the rnethods described in chapter 2,、″ith the exception that test spots
whose RSl exceeded O.01 vvere assigned as positive slgnalintensities in both micparrays.
Table A‐l Characteristics oflandfi‖s and the rleachate samples analyzed
‖em Landfi‖
MaiOr COnsltuents
Landfi‖ing status
(Disposlion pe‖od)
Precipttalon(mm)a
―ln FY 2005
f¨rorn opening to 2005
Leachate quality
―pH
―COD(mgノL)
T¨―N(mg/L)
Raw garbage,sewage
sludge,and construction
debris without pretreatrnent
Closed
(1979-2003)  .
990
728-1538(1059)b
7.7
60
45
Plastics,shredded
unburnable residue
and inci ration ash
Active
(SinCe 1992)
1148
1535-2642(2093)
6.8
10-20
na
Shredder residue,sludge,
inc neration ash and
unburnable wastes
Closed
(1992-1999)
2425
938-1870(1297)
??
???
???
a Precipitation data was obtained from records for a polnt which was geographica‖y nearestto each ofthe
bNu悧:亀1翻:leminimum…maximum(mean)precipitation valuea
COD,Chernlcal oxygen demand;T―N,total nitrogen;na,not analyzed.
A.3  Results and discussion
A.3.l Eubacterial conlrrlunity diversity
Eubacterial population profiles obtalned in DNA nlicroarray analysis are shown ln Fig.
A-l and surnrnarized at the phylum level in Table A…2. A/1ore than 70%of the targeted
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species in phyla ハc″ρOわacferia, 3acわrodes, Cyanobacferia, Firmたυ s nd
ProfeObacte″a were detected in a‖hree samples,Samples A and B exihibited margina‖y
more abundant species in the phyla ハcrinοbacreria, 3acrerOFdefes, Firm′cυfes, and
ProfeObacreria,especially arptta_,befa―nd g “m ―subclasses,than sample C.Several
species in DeFerribacreres, DerirlocOcoCCJS―Thermυs, Fasoba reJa and 7bermOη7′CrObFa
classified in“C)thers"in Table A-2 were specifica‖y d t cted n s mple B.Profeοbacrerlia,
Flirm′cυわs and Cyfopわaga―Frexibacrer_3acrerOdes group have been predominanJy and
commonly detected in leachates from landllls in」apan(Okinaw ),∨ietnam,Thalland
(SaWamura et al.,2007)and Korea(Huang et al.,2004;Huang et al.,2005).lt waS thus
suggested that predonlinant ёubacterial populations in landfi‖leachate rnay be conlrnon in
broad parts of East and Southeast Asia, irrespective of the c‖mate zone: 丁ropical and
subtropical c‖m te ln(Dkinawa,Vietnarn and Tha‖and o  mesotherrYlal climate in Korea and
our rnonitoring area of」apan.
in contrast,as expected,each ofthree leachate samples analyzed here showed s‖ghtly
different eubacteHal communly structure(Fig.A-1,Table A.2).PreViOus study has reported
that eubacterial cornrnunity composition in landfi‖leachate can alter significantly according
to various factors such as waste type and volume, landfi‖ age and hydrogeologic
positionlng(Lee et al.,2006).lnterestinglyI PCA based on RSl of detected species showed
Fig.A‐l Relative signalintensities of eubacterial populations in leachate samples A,
B and C obtained from DNA microarray analysis
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Table A‐2]Distribution of eubactcrial species in leachate samplcs
Phyluma Sampleb
∠ε″ηοbαθたガα(152)  126「821 123「811 106「701
βαεた
“
′ζた′θs(48)   45「941 41「851 37「771
Gレαηθbαεた″′α(39)  35「901 36[92136「921
F′′″たレtes(226)    169「75] 74[77]151[67]
PFOた0らαcたrjα(455) 362[80]
―И″乃α(123)   119[97]
―」Bθ″α(78) 62[79]
363[80]
121[98]
64[82]
116[87]
51[47]
11「851
335[74]
108[88]
59[76]
105[79]
51[47]
12「921
―Gα
““
α(133)  11 [83]
―Dθ′
"(108)   58[ 4]―Eps,あ″(13) 12「921
Othcrs(96) 49「511 63「66] 40「421
Total(1,016)     786[77]  800[79]705[69]
: 出ヽ議守留1蹂錦凛l≒1羞雷1°1階寵:TttL∝cd
species to thc total targetcd species.
that eubacterial conlrnunity compositions in samples B and C are relatively sirn‖a鳥 but
different from thatin sample A(Fig.A-2).The diSSimilattty ofthe opening pettod,namely in
1 979 for landfi‖A、〃hereas ln 1 992 for landfi‖s B and C, rnay relate to such difFerence of
eubacterial c6rnrnunity structure betvveen landfi‖A and landfi‖s B and C.Howevet further
studles should be conducted to completely elucidate the influential factor(s)on the entlre
eubacterial conlrnunity structure in landfl‖environment. 丁h  dlversity of the eubacterial
populalons in sample B was conslderably hlgherthan those ln samples A and C(Fig.A-3).
‐0.4
● A
● C
●
B
‐0.6
0.85           0.9
PCl(73.1%)
Fid.A‐2 0rdinaJon produced from pttncipal component analySis for eubacteHal
corrlrnunity in three leachate samples.
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0.4
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Leachate sample
Fig.A口3 Shannon―Ⅵ′eaver diversity index αり
′
)CalCulated from DNA mlcroarray
analyses of eubacterial cornrYlunity ln three leachate samples.
lt was thus suggested thatthe landfi‖status wou d be one ofthe critical factors deterrnining
the eubacterial diversity in landfi‖s: eubacterial conlrnunity would be more divergent in
active landfi‖s than in closed landfi‖. A/1inor species specifica‖y detected in sample B
mentioned above rnay be specific populations in active landfi‖vvhere the wastes,ln which a
certain energy and carbon sources are contained,are sti‖onstantly supp‖ed nd active
metaboHc reactions occun ln contrast,the lowest eubacterial diversity in landFi‖C(Fig.A-3)
may be caused by a deleterious efFect of xenobiotlc compounds as irnp‖ed by a high
concentraJon of chemical oxygen demand(Table A-1).Samples B and C were located
closely in PCA(Flg.A-2),but their diversiJes、〃ere quiet different due to the presence of
several rninor species in sample B.Such minor species carry less weightage during the
PCA calculation and l″e get an overa‖sirn‖a ity between samples B and C, however in
case of diversity calculations, the presence of minor species contributed to the overa‖
diversity index and consequently sample B has higher species diversity as compared to
sample C.
A.3.2 Pathogenic bacterial distribution
Pathogen profiles in 3 1eachate samples are shown in Fig. A-4, and a total of 44
bacterial pathogens detected are listed in Table A-3.Samples A,B and C contained 43,27
and 42 species/groups of bacterial pathogens,respectively.Twenty―six of the 44 dete ed
pathogens were conlrnonly present in a‖three samples. Samples A and C contained a
quite greater diversity of pathogens than sample B,and 41 speciesィgrOups out of a tot l c)f
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Table A-3]Distribution ofpathogenic bactcria in lcachate samples
Pathogen spccies/group SamDlc Biosafety
A    B    C    Lcvcla
Йθθ″ッJbttθ 〃レ加θル`
″
s         O.545b O.679  0.695  」
∠θ″κθ
“
α沈″α spp.
Иc[リク′′α″θ〃α′ν〃θ″ν
“Иgrabαθた″ル
“
勧
“イ
ンC′ικS group
И″αθ
“`θ
ιθ郷秒ダFOgCttα妹
И″qρJas“α
“
αζg′
“
αlcicθ″ι
“
′θ
И資フθbαθた′bν″ルr′
Иrcθbαθ″r genus
Bαθた
“
Jグθs νκαレノ′C雰
Bαrto″ι:=α[「oup
Bθrグθた7Ja 6″′夕
“
group
Bοrdcた″α′θ″賊ssお〔ダoup
Bκッタ″冴
“
θ″″ ″″z“γ″
Brθソν″励 θ
“
αs group
Cα
“
クノわらα`た
″εθ″θお雰
勧角9ノわbαθた″ル加 group
働′ηυガbbαθた/ノσ″4′grOup
Cαη ノJθbαθ′`r iρ
ν′θr夕″z
Cανわらα`
′
θr/zstわ″″Zな
CανJθbαε′ιr ttαJθbαι′ι″θ′∂し
CazJθbαθ′θ″乃θκrJθjj
CaγJθろαθ′θr′″′θ″
“
θグ′γs
Cわwsθbαθ′ι′′γ
““
θ
“
′
“
gθsυ′′θν
“
group
Cttηsθ bαιた′″
“′
″θたοレ′θν“C力wsθbαθιcr′γ″z sθορ乃″乃αl税γ
“C乃り2sθ″θ″αS′γ′ιθJα
Cθηκθらα6たrjγ
“
α夕rな
Cθッ″θbαεたr′夕
“
″ノθθわ′グgs
助りθηttr"θθ″spp.
い S″θわ励r放滋堺J%フα励滋ι
晦 S″θわ励r放spp.
い S″ιわ励″所わ″s′物″“Flαν′ηzο″αs θりZ′乃αb′′αrs
Frα
“
θおθJJα group
KJηッ
`4α
 θscθrbα″
KJηッ
`4α
 θ4ソθθ/“Cι4S
KJηνθ″ rθを α
“
α
Z鱈′θ
“
θ′腸ルιルガ
敗rΨttαι′αθおル″j
』イ♭rαχθi]α θαッ′αθ
″;′θη麟ア“
α物乃″θ′
シ 乃′″″
“
θ″
`霜′
α/`ψα夕θj“θbJJiS
シ 乃jη″
“
θ″αS′αγθ′
“
θb′Jな
0.211
0.014
0.312
0.185
0.015
0.116
0.675
0,726
0,192
0,090
0,047
0,759
0.727
0.769
0.382
0.065
0.245
0.281
0.235
0.213
0.378
0.571
0.190
0.040
0.029
0,157
0,635
0.268
0,781
0.120
0.658
0,055
0.092
0,075
0.650
0,010
0.054
0.113
0.125
0.070
0,018
3TD
0.020
NDC
O.016
ND
ND
ND
O.171
0.070
ND
ND
O.031
0.220
0.350
0.706
0.034
0.014
0.033
0.022
0.019
ND
O.051
0。477
ND
ND
ND
ND
ND
O.035
0.123
ND
O.139
0.015
0.024
0.648
0.407
0.025
0.304
ND
O.023
0.054
ND
ND
0.705
0.127
0.669
0.082
0.168
0,026
0.291
0.629
0.690
0.221
0.175
0.701
0,755
0.457
0.123
0.270
0.075
0.336
0.334
0.168
0.634
0.628
0.074
0.106
0.161
0.028
0.079
0.146
0.680
0,054
0.686
0.145
0.166
0.705
0.649
0.154
ND
ND
O.066
0.192
0.279
0.188
1 2d
1
1
?
?
?
?
＝
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
‐
?
?
?
?
?
?
?
】した
`燿
θ:lα″cg`″sらνζgθ′grOup                  O,124     ND       O.083     1
aBiosafety lcvel classiicd by Japanese Socicty for Bacte五ology in 2007.
bNumbers fol・cach patllogcn/sample indicate relat市e s gnal intcnsitics in lni∝o rray analysis.
9-,Biosafety lcvcl is■ot ident fled.
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Fig.A‐4 Relative signalintensities of bacterial pathogens in leachate samples A,B
and C obtained from DNA microarray analysis
44 detected pathogens were conlrnonly found in them. These results suggest that
pathogens existing in landfi‖ leachates are ‖n∩ited to certain cornrnon taxonornies.
Twenty―six pathogens、″er  cornrnonly presentin landfi‖leachates irrespective ofthe waste
type and landfl‖ ge. Hale Boothe et al.(Hale BOothe et al., 2001)haVe reported that
certaln pathogens perslst in the landfi‖ site even after the landfi‖ is close . Conlrnonly
detected pathogens in our monitoring landfi‖s included Francise〃a, although the
abundance seemsiow.Genus Frar7CiSe〃ais a sma‖gr m―negative bacteria whlch includes
Franc′se〃a fυ′arensis that is able to infect a wide range of anirnals including rodents and
even humans and causes the highly deb‖itating or fatal disease tularernia(OyStOn et al.,
2005). CorrlrnOn pathogens also included several pathogens classified into the biosafety
leve1 2 under the Japanese classificaJon(Japanese Society of Bacteriology 2007)(Table
A-3).UbiquitOus presence of such high¨risk pathogens may be a great concern,although
the posslb‖ity of rnicrobial risks derived from our rnonitoring sites is loⅥ′because poss ble
environmentalimpacts are e‖nlinated by some leachate treatrnent before discharging.
Landfi‖s A and C,where diverse pathogens、〃ere detected,conlrnonly contained a large
B
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amount of organic wastes such as sludge and raw garbage. Sludge contains a great
number of pathogens,but conventional sludge treatrnentis not alvvays effective in reducing
numbers of pathogen(Straub et al.,1993).TherefOre,sludge would be a maior SOurce of
pathogens that specifica‖y occur in these landfi‖s. Abundant organics and nutrients
provided frorn organic wastes rrlay also supportthe growth of specific pathogens.HoweveL
since the pathogen prof‖e in landfi‖、″ould vary along with the lAraSte decompositlon stage
as with the entire eubacterial conlrnunityl abundant species of pathogens presentin landfi‖s
A and C may decrease with time. Particularly this would be possiblQ by depletion of
organlcs and nutrlents resulted frorn further progression of the waste decomposition.
Furtherrrlore,fewer pathogen species in landfi‖B,where pretreated wastes were mainly
disposed lTable A-1),may suggest that advanced waste management with appropttate
waste pretreatrnent can lower the potential health…risks associa ed with e landfl‖ and
ensure the pub‖c health.
Recently,strict standards vvere imp‖cate  to valuate a landfi‖'s perforrnance based on
, errlissions of leachates andpretreatrrlent of waste, blological stab‖ization by aeration:
gases from the landfi‖into the environment,and after―use ofits land(Tanaka et al.,2005).
Nevertheless, a criterion to evaluate pathogenicity has never indicated. This would be
obviously because ofthe lack offield data on the type of existing pathogens in landfi‖s and
theirleachates.ln that context,results ofthis study would be valuable for estab‖shing a set
ofindicators and a criterion for preventing possible rnicrobial risks derived from landfi‖sites.
A.4Conclusion
Eubacterial cornrnunitles and bacterial pathogens occurring in the leachates co‖ected
frorn three ful卜scale landfi‖s in mesotherrnal area of」apan were analyzed using DNA
rnlcroarrays targetlng approxirnately a thousand eubacterial and pathogen species/groups.
丁he leachate samples showed alrrlost sirn‖ar eubacterial compositions with marginal
variations. Comparison of the results wlth precedents suggested that the predonlinant
eubacterial populations in the landfi‖s rnay b ge eray sirn‖a n East and Southeast Asia,
irrespective of the C‖mate zOne.Analysis of the bacterial pathogens showed that the three
leachates included a total of 44 species/groups of bacterial pathogens and 26
species/groups includlng Frar7CiSe〃a,a frank zoonotlc pathogens causing a serious health
risk,and other high¨risk pathogens were cornrnonly found.ltis suggested that sludge can
be a source of specific pathogens. ln addtion,the 2 1eachate samples frorn the landfi‖s,
where organic wastes such as sludge and raⅥ′garbage wer mainly disposed, had 15
…A9-
specific pathogens. lt was suggested that sludge can increase the variation of the
pathogens occurring in landfi‖leachates.Overa‖,results ofthis study posed some insights
into the underlying microbial ecology in the landfi‖nd the possible rnicrobiological health
risks associated wlth the landfi‖eachate.
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APPENDIX B
PЮbes ulsedlin『罰Qk g
DNA MicnttFttys
B.l   Eubacterial probes
P力yf″m        Crass           order           Fam〃v    er″s        Specたs
Acidobacreria         スcidobacreria           ハcidobacreriares        Acidobacreriaceae            ハcidimたrobium    ac′dοわacreriυ用
Aci」obacreria
ハcidobacreri3
ハcrinOゎacreria
ハcrinObacreria
ハcrinοゎacreria
ハcrinObacreria
スcrinοゎacreria
ハcrinοゎacreria
ハcri9οゎacreri19
ハcri190bacreria
Acri190bacreria
ハcri190bacreria
スcri190ゎacreria
ハcrinοゎacreri3
スcrir7οbacreria
ハcrirlοゎacreria
ハcrinOゎacreri3
ハcrinοbacreria
ハcrinObacreri9
ハcrinObacreria
スcrinοbacreria
スcrinοゎacreria
ハCri770baCre″a
スcrinοゎacゎria
スcrinοbacreria
スcrinοbacre″a
スcrinObacre″
スcrinοゎacreria
スcrinοゎacreria
ハcrinοbacreria
/tcrinοゎacreria
スcrinObacreria
スcrinοbacreria
ハcrinοゎacreria
スcrir7οゎacreria
スcrinοゎacreria
ハcrinοゎacreria
ハcrinοゎacreria
スcri770わaCreria
スcrinοゎacreria
AcrinObacreria
スcrinObacreria
Acrinοbacreri3
ハc′dobacreria
スci」oわacreria
ハcidimたrobidae
ハcri70ゎacreri」ae
ハcrir70ゎacreri」ae
スcriηοゎacreri」ae
スcri190bacreri」ae
スcrir70ゎacreri」ae
スcri19οゎacreri」ae
スcrinObacreri」a
スcri190bacreri」ae
スcri190bacreri」ae
スc″ηOわacreri」ae
AcrinOゎacreridae
スcrinObacreri」a
スcrinοゎacreri」ae
AcrinObacreridae
Acri7οゎacreri」ae
ハcri770baCreri」ae
ハcrinOゎacreridae
Acrinοゎacreri」ae
Acrinοゎacreridae
スcrinοゎacreridae
スcrinοゎacreridae
スcrinοゎacreridae
スcrinοゎacreri」aθ
ハcri770baCreridae
ハc″ηOわacreridae
ハcrinοゎacreri」aθ
スcrinοゎacreri」ae
スcrirlοゎacreriJae
Acri00bacreri」ae
ハcf′ηOわacreridaθ
ハcrinοゎacreridae
AcrinObacrettdae
ハcrinοbacreri」ae
ハcrinοbacreridaθ
ハc舌′″0わacreridae
Acrinοゎacreri」ae
/tc“ηOわacreri」ae
AcrinObacreri」ae
スc″ηOわacreridae
Acfinοbacre″dae
スcidobacreriares
AcFdobacreriares
Acidimicroわねres
Acrinοゎacreri2res
AcrinObacreriares
Acrinοbacreriares
スcrinοbacreri2res
Acrinοゎacreriares
スcrinοゎacre″ares
Acrinοゎacゎriares
Acf′ηOわacreriares
Acrinοゎacreriares
Acrinοゎacre″ares
AcrinObacreriares
AcrinObacreriares
Acrinοゎacreriares
スcrinObacreriares
AcrinOゎacreriares
AcrinOゎacreriares
スcrinοゎacreriares
スcrinοゎacre″ares
Acrinοbacreriares
スcrinοゎacreri3/es
スcri19οゎacreriares
AcrinObacreriares
スcrinObacreriares
Acril●οbacreri3res
スcri90ゎacreriares
Acri00bacreriares
AcrinObacreriares
スcrinοゎacreriares
Acrinοbacreriares
Acri90bacreri3/es
AcrinObacreriares
Acf′ηobacreriares
Acrinοゎacreriares
スcrinObacreriares
スcr′ηοbacreriares
スc″ηOわacreriares
スcri90ゎacreriares
Acri100bacreriares
スcriηοbacゎriareS
/1cfi770baCreriares
Aci」obacre″aceae
Acidobacferiaceae
Acidimたroわeae
COrr7θわacreriaceae
COttnebeacreriaceae
AcrinOsyr7nemaraceae
ハcrinOsyn/7emaraceae
ハcrinOsyf7r7emaraceae
ハcrinοsyp″emaねceae
Frankiaceae
Cordon′aceae
Cordo月′aceae
Ceode″ηaropゎ′aceae
Ceode″ηaropゎ′aceae
Ceodermaropゎ′raceae
C4/COmyceraceae
Kineosρnaceae
Kineospοnaceae
Kineosponaceae
Mycoわacreriaceae
MicЮspわaeraceae
Micromonosporaceae
MicЮmοηοsporaceae
MicromO″Osporaceae
Micromοttοsporaceae
MicromοηOspOraceaθ
Micromor7osporaceae
Micromo17osporaceae
MicЮttOηospOraCeae
MicЮmoηosporaceae
Arocardiaceae
Nocardiaceae
Arocardiaecae
Arocardiaecae
Arocardi9jdaceae
rvOcardi9idaceae
rvοcardi9idaceae
Arocardi9,daceae
Arocardi9jdaceae
rvοcardi9jdaceae
Arocardi9idaceae
Arocardi9,daceae
Ceοめ慮
HOrOρゎaga
ハcidimたrobルm
COyf7eわaCre″υ
“Dわfzia
スcrinο〃neοspora
ハcrinOsyr7r7ema
Lθηfzea
Sacめaror/7″X
Frankia
Cordo″ね
Sk,rmaρF
BrasfOcOccυS
Ceode″ηaropゎ〃υs
νodesrobacrer
crycOmyCes
cψrOspOrangil」m
Kineococcas
Kineοsporra
Mycobacreriv“
MicЮsp力aera
ハcri70ρraηes
carerraゎspOra
CareηυノOρranes
COυcわ′Oρrar7es
Dacry/Osporattgiv“
Microttor70SpOra
Pillimeri3
Sρ′ri″ゎraβes
1/errycOsispora
Arocardia
RわOdococcus
RわOdococcυs
Rわodococcus
AcrinοροrymOrpわa
ハero“ηlcrob′υ用
Friedmaβ/7Ferra
月Oηgia
Kribbe//a
Ma′ηorrcora
Microp晨ガηa
rvοcardi9′des
geofわ″χ
力0′Oρわaga
acidim′crobium
COγnebacreriνm
diefzia
acri190にneospora
acri190synηema
re′7fZea
saccわaror力nx
frattkia
gordoηね
skermanね
ゎrasrOcοc υS
geodermaroρゎ″υs
“
οdesわbacrer
grycOmyCes
cγprOsporang′υm
k′ηeοcοccυs
にneosρorra
mycoわacrerrym
η7rCrOSpわaera
acrinορrares
care〃arOspOra
careηυゎpraηes
cOυc力′Oρ′anes
浅ヨC4/rospοra″giv用
″7′CrOmOηosρOra
ρ′′meria
spi“|:ipranes
yerrycοs′spOra
r70Cardia
油OdocOccJs
rわodocわronυs2
油odocわrotlsイ
acri10ορOryspora
aero′ηrcrobium
編edmarηFe〃a
r70r7gia
kribbe〃a
marmorrcora
m′cropryJβa
nοcardiD′des
rvοcardi9ρsaceae               Nocardi9ρsls              ηOCardiopsls
B2
P力yfrm         Crass            order            Fam〃v             e″″s    Specたs
スcri100bacreria          ハcri19οゎacreri」ae         Acrinοbacreriares         Arocardi9pSaceae               Tわθ″ηObi,da               fわe″ηοbi,da
スcri10οゎacreria
ハcrinοbacreria
ハcrinOゎacゎ″a
スcrinοゎacreria
ハcri190bacreria
ハcri190bacreria
ハcri190ゎacreria
ハcri70bacreria
スcri190bacreria
ハcrinοbacreria
ハcrinοbacゎ″a
ハcri7οbacreria
ハcriηοゎacreria
ハc″ηObacreria
ハcrinOゎacreria
Acrinοbacreria
Acr′ηοbacreri3
ハcrinοゎacreria
ハcr′βοbacreria
ハcri19οゎacreria
ハcrinObacreria
/tcri190bacreria
スcrinοbacreria
スcrinObacゎria
スcrinObacreria
スCri770baCreria
スcrinοゎacreria
ハcri19οbacreri3
ACrir70わaCreri3
/1crinοゎacre″a
スcrinοゎacreri12
スcfinοわacreri2
ハCril170baCferia
AcrinOゎacreria
ハcri100bacreria
スcrinοゎacreria
スcrinOゎacreria
ハcrinοゎacre″a
スcrinοbacreri2
スcri100bacreria
スcri17οbacreria
スcri190bacreria
スcri19οbacreria
スcri190bacreria
スo″ηoわacreria
ハcri190bacreri」ae
Acri100bacreri」e
Acrinοゎacreridae
ハcri19οゎacreri」ae
Acri190bacreri」e
Acri190bacreri」e
Acri190bacreri」e
ハcri190bacreri」ae
スcri19οbacreri」ae
スcrinοゎacreriJae
スc″ηOわacわridae
Acri19οbacreri」aθ
ハcri190bacreridae
ハcri190bacreri」ae
スcri100bacreridae
スcri00bacreridae
/1cri190bacreri」e
スcrinοゎacreridae
Acri190bacreridae
Acri90bacreri」ae
AcrinοゎacreriJae
スcrinObacreridae
Acf′ηOわacreridae
Acri190bacreridae
スcrinοゎacゎridae
Acr′ηοbacゎridae
スcri190bacreri」ae
スcri19οゎacreri」ae
スcri10οゎacreri」ae
スcri190ゎacreridae
スcrinοbacreridae
スcri90bacreridae
スcrinObacreridae
ハc″ηOわacreri」ae
Acri190bacわri」 e
ハcri10οゎacreri」ae
スcri190bacreri」ae
Acrinοゎacreri」ae
スcrinObacreri」a
ハcrinοbacreridae
Acri19οゎacreri」ae
Acri100bacわridae
スcri00bacreridae
Acri190bacreri」e
スcri1770baCferi」e
スcrinObacreriares
Acrinοゎacreriares
スcrinObacreriares
ハcrinοbacreriares
Acrinοbacreriares
Acrirlοbacreriares
スcrinοゎacreriares
Acri190bacreriares
スcrinObacreriares
Acrinοbacreriaノes
スcrir70ゎacreriares
スcrinοゎacreriares
スcrinοゎacreriares
Ac″ηOわacわriares
Acrinοゎacreriares
スCri770わaCreriares
Acrinοゎacre″ares
Acri17οbacreriares
Acrirlοゎacreriares
Acrinοbacreriares
AcrinOゎacre″ares
/1crir10bacreriares
Acrirlοbacreri3/es
ACri170baCreri3′es
ACri770baCreriares
Acrinοbacreriares
Acrinοbacreriares
Acrinοbacre″ares
ハcrinοゎacre″ares
スcrinοbacre″ares
スcrinοbacrerilares
AcrinObacreriares
ACrir70baCreriares
スcrirlοbacreriares
Acrinοbacreriares
Acrirlοbacreriares
Acrir70mycerares
ハcri19οmyCerares
Acrinοmycerares
Acrinο″ycerares
/1crinOmycerares
スcri770mycerares
スcrinOmycerales
AcrinOmycerares
Acri770“ycerares
Propわη acreriaceae
Propわηわacreriaceae
Proρ′οη′わacreriaceae
Propわβわacreriaceae
Propわ月 acreriaceae
Psetrdonοcardiaceae
PsetJdonocardiaceae
Pseυdor70Cardiaceae
PseJdοr7ocardiaceae
Pseυdor70Caだi ceae
PseυdOηOcaだiaceae
Pseυdoηοcardiacea
Pseυdor70Cardiaceae
Pseυdor70Cardiaceae
Pseυdoηοcardiaceae
Pseυdonοcardiaceae
Pseυdor70Cardiaceae
Pror7′crosporaceae
Sfrepromyceraceae
srreprOspOrangiaceae
Sfreprospοrangねceae
srreprOspοra″gFaceae
srreprOsporaηgiaceae
Sfreprosporaηgねceae
Sfreprosporangねce e
Sfreprospοrangiaceae
srreprOspOrattgiaceae
srreprOsporattgiaceae
Symわわbacrerivm
SpOHchrayaceae
spOnttfhyaceae
πわermοttOβOSpOraceae
The″ηomOηosporaceae
The″ηomο″osporaceae
TSこノ綸′77ιノrer′aceae
willriamsiaceae
AcrinOmyceraceae
スcrinοmyceraceae
AcrinOmyceraceae
AcrinOmyceraceae
ハcrinOmyceraceae
Beυrer7bergiaceae
Bogorre〃aceae
Breyibacreriaceae
cerrarO′ηοnadaceae
LυreOcοcυs
MicЮrur7aruS
Propわηわacreriυ用
PropわЛ′rax
Tessaracoccus
スcrinοa〃οreiOr7tIS
ハmyco/ara
スmycOraropsis
Kilbde/oψOrattgium
κυrzr7erra
Praυsererra
PseJdorocardia
Saccわaromor7ospOra
Sac“aropοryspOra
Sfreproa〃οfeたゎυs
乃e″70bおρOra
T/7ermOCrrsptl膚
Promたromοηospora
Sfreρわmyces
Acrocarpospora
ん″croわ′。ρora
MFcrorefrawOra
ⅣOηOttυraea
PrattοゎFwOra
P′ar70mO″Osροra
P′aroροryspοra
P′aηοrerraspOra
srreprOspOrattgium
Symわわわacrenum
スcidotte′ηυs
SpoHchfbya
スcrinοmadυra
Sp′″′ospora
πわe″ηοttοηOSpOra
rsυねmυrerra
wilriamsね
ハcri190bacυルm
ハcrinOmyces
スrcanοわacrerilJm
Mobrily,cυs
νObrila17CtIS
3etJreηゎ rgね
Bogorrerra
Breyilbacreriυ解
ce〃urOmο″as
′υreοcOccυs
mたroルηarus
propわ月 acreril」m
propわη′rax
ressaracOccus
acrinOa〃οゎFc力tls
amycοrara
amycoraropsls
kibderosporaηgilJm
υ々fZJr7erra
praぉere/ra
pseυdoβοcaだia
sacc力aromOηOspοra
sacc力aropοryspοra
srreprOarrOfe′
“
υs
めettOわ′
"orarゎe″ηοcrrspυ
“ρrO″7′CrOmοr7ospora
sfrepromyces
acrocarpospora
η7たroわ■ρora
mたrOrerraoρOra
月0″Ottυraea
ρra″οゎ′。ροra
ρraηοttοηOSpOra
ρranOpOrySpOra
pranοrerraoροra
srreprOspOraЛηgilJm
symわノ0わacrerivm
acidof力ermυs
sporrc力bya
acri190madura
spiri:losρora
fわermο
“
ο″oSpOra
おυたamυrerra
willriamsia
acrinοゎacuI1/m
acri190myces
arcaβοbacreriv膚
孵Ob〃υncIJs
“
0わ〃υηcυs
beυrenゎergia
bOgorre″a
brevilbacrenum
cerry/Omο″as
B3
P4yfrm         Crass            Order           Fam〃y           Cer7″s          Specたs
スcrinοbacゎria        ハcrinobacreri」a         スcrinomycerares        cerrarOmοηadaceae          Oerskoyia              οersよりyfa
ハcrinοbacreria
ハcri90bacreri3
ハcrinOゎacferia
スcrinοゎacreria
ハcriηOゎacreria
ハc″ηOわacreria
ハcriηοゎacreria
ハcrinοゎacreria
ハcriηοゎacゎria
/1crinοゎacreria
ハcri19οbacre″a
ハcrinοbacゎria
スcrinObacreria
Acrinοゎacreria
ハcrinObacreria
ハcrinOゎacreri2
AcrinOゎacferi3
ハcrinοbacreria
ハcrinObacreri3
ハcrinοゎacreria
ハcrinObacreria
ハc″ηOわacreria
ハcri90bacreria
スcrinοbacreria
ハc舌わobacreria
ハcrinObacreria
スcrinοゎacreria
ハcrinοbacreria
スcrinοゎacreria
AcrinObacreria
スcrinοゎacreria
ハcrinObacreria
スCri770baCreria
ハcrinοbacゎria
スcri17οbacわ″a
Acri190bacre″a
ハcri190bacre″a
ハcri190bacreria
ハcrinObacre″
ハcri9οbacreri2
ハcril●οbacre″a
スCrir70baCreria
スcrinοbacreria
/1crinοbacreria
/1crinοbacreri3
ハcrinοゎacreri」ae
スcrinObacreridae
AcrinObacreridae
ハcriηοゎacreri」ae
Acrinοbacreridaθ
ハcrinοゎacreridae
スcrinοbacreri」ae
スcfinοわacreri」ae
スcrinοbacreri」ae
Acrinοbacreri」ae
Acrinοbacreridae
AcrinObacreridae
ハcrinοbacreridae
ハcrinObacreridae
Acrinοゎacreridae
スcrinοゎacreriJae
Acrinοゎacreri」ae
Acfinobacreridae
Acrinοゎacrerirae
ハcrinοゎacreri」ae
ハc″ηOわacreriJae
Acrinοゎacreridae
スcrinοbacreridae
ハc″ηOわacreri」ae
Acrinοゎacreridae
スcrinοbacreridae
Acrinοゎacreri」ae
ハcri19οbacreridaθ
/1cri190bacreridae
AcfinObacreri」ae
AcrinObacreri」ae
AcrinObacreriJae
スcrinObacreri」a
ハcrinοゎacferi」ae
Acrinοゎacreridae
AcrinObacreridae
Acrinοゎacreridae
Acrinοゎacreri」ae
ハcrinοゎacreridae
ハcrinοゎacreri」ae
Acri770わaCreri」ae
スcri770わaCreriJae
/1cri100bacreridae
ハcrinοbacreri」ae
Acrinοbacreri」ae
ハcri190myCerares
AcrinοmyCerares
Acrinοmycerares
AcrinOmycerares
AcrinOmyCerares
ハcri770mycefares
AcrinOm/cerares
AcrinOmyCerares
ハcriOοmyCerares
Acri1770mycerares
ハcri190mycerares
Acri19οmyCerares
Acri190mycerares
AcrinOmyCerares
スc舌′ηomycerares
ハcrinOmycerares
AcrinOmycerares
AcrinOmycerares
Acri00mycerares
AcrinOmycerares
スcrinOmycerares
AcrinOmycerares
スcrinOmycerares
AcrinOmyCerares
Acri1770mycerares
ハcri100mycefares
Acri19οmycerares
スcri190myCerares
/tcri190mycerares
Acri190myCerares
Acri90mycerares
Acrinοmycerares
AcrinOmycerares
AcrinOmycerares
Acri70mycerares
AcrinOmycerares
Acri770mycerales
スcrinOmycerares
AcrinοmyCerares
Acrinοmycerares
スCrir70mycerares
スcrinOmyceねres
Ac″ηomycerares
AcrinOmyCerares
スcrir7οttycerares
De″ηabacreraceae
Dermabacreraceae
De″ηacoccaceae
De″ηacoccaceae
DermarOp力〃aceae
rr7fraSporangiaceae
わfrasporangiaceae
わfrasporangiaceae
わfraspοrangiaceae
rr7frasporangiaceae
ゎrraspOrangiaceae
わfrasporangiaceae
」0″esraceae
MicЮbacreriaceae
Microbacreriaceae
Microbacreriaceae
Microわacreriaceae
Microbacreriaceae
Microbacreriaceae
Microbacreriaceae
Microbacreriaceae
Microわacre″aceae
MicЮbacわriaceae
Micrococcaceae
Micrococcaceae
Micrococcaceae
MicЮcOccaceae
Micrococcaceae
Micrococcaceae
MicЮcoccaceae
MicЮcoccaceae
Micrococcaceae
Micrococcaceae
Microcοc aceae
MicЮcOccaceae
MicЮcoccaceae
Micrococcaceae
rvοcadfaceae
rvοcardiaceae
rvοcardiaceae
Arocaだjaceae
Rarobacreraceae
SangJilbacreraceae
rvοcardi9,daceae
JVocardi9idaceae
Brachybacrerium
Dermabacrer
Demacoccus
K/OCOCCtrs
DermarOpわ〃υs
rr7fraSpora17gル膚
」anわacrer
Orf7′fわわたoccus
Orn″カカ′mたrobium
Terrabacrer
Terracοccas
Terraspわaera
」orles′a
ハgrocοctrs
スgromyces
ハtlreOわacreriv用
crayibacrer
C“bacrerた″η
Cυ′わbacreriJm
Frigoribacreri」m
■e″bo17ri3
とeυcoわacrer
sυゎrercOra
ハrrbrObacrer
ハだわrobacrer
ハだわrobacrer
ハだわrobacrer
Demerria
Kocυrra
Micrococcus
Microcοccus
Micrococcas
MicЮcoccυs
rvesrerer7々0月′a
Re月わacre‖um
Roめia
Sfomarococctls
Arocardia
Arocardia
Arocardia
A/Ocardia
Raroわacrer
SangJilbacrer
RわOdocOccys
R力Odococctrs
わrachybacreritlm
dermabacrer
demacoccus
υ οCOCCυS
de″ηarop力″υs
rinfrasporargium
力月οわaCrer
orη■力′ηlcοccus
Or17たわ″″imたrobium
ferrabacわr
rerracOccυs
rerraspわaera
ノOβes′a
agrocοccυs
agromyces
aυreοわacrerfJm
cravibacrer
c"bacreriv″
cυrrObacrerilJm
frigoribacreriJm
re漁〕οηね
ノeυcoわacrer
stlわrcO′a
arfbrobacrer
′
2
3
demerria
kοcarra
″7′crococcJS
′
2
3
nesferenkoη′a
ren′bacre″υm
ro拗ね
slomarococcυs
イ
2
3
4
raroわacrer
Sar7gyibacrer
イ
2
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PbyfJm         Crass            order           Fam〃y      Ce″″s            Specたs
スcrinοゎacreria         ハcriloοbacreriJae         B,■doわacreriares         Bl■dobacreriaceae             BIFidobacreriv″7           わ』UO Lfm
ハcrinοbacreria
Acrinοゎacreri3
ハcrinοゎacreria
Ac″ηOわacreri3
スcrinοbacreria
ハc″ηObacreri3
ハCri770わaCreria
スcrinοbacreria
スc″ηOわacわria
スcrinObacreria
スcrゎοbacreria
ハcrinοゎacreri3
ハcrinοゎacre″a
スcrinοbacreria
スcrinοゎacreria
ACrir70baCreria
Acr′βοbacreria
ハcrinοゎacreria
ハqLf′″Cae
ハ9yiFicae
ハ9鵡cae
ス9ulicae
ハ9υ′cae
3acrerOFderes
3acrerO′deres
3acrerOFderes
3acrerOFderes
3acrerOideres
3acrerOderes
3acrerOreres
3acrerO′deres
3acrerOideres
3acrerOFderes
3acrerOideres
3acrerOideres
3acrerOFderes
BacrerOideres
3acrerO′deres
3acrerOFderes
3acrerOreres
3acrerOrderes
ハcri190bacreri」ae
Acri190bacreri」e
Acri190bacreri」e
Acrinοゎacreridae
スcri190bacreridae
ハcri190bacreri」ae
Acri190bacreri」e
Acri19οbacreri」ae
ハcri190bacreri」ae
ハcri190ゎacreri」ae
スcri19οゎacreridao
スc″ηOわacreri」ae
Acri19οbacreri」ae
Acri90bacreri」ae
スc″ηOわacreri」ae
スc″ηoわacreridae
ハcrinοゎacreridae
Rυわroわacreridae
ス9ui■cae
ハ9鵡cae
ス9u'■Cae
ス9uiicae
ス9uiicae
BacrerO′deres
3acrerOfderes
3acrerO′deres
3acrerOノderes
3acrerOrderes
3acrerOFderes
3acrerO′deres
BacrerO′deres
3acrerO′deres
3acrerOFderes
Frayoわacreria
Fra1/obacreria
Frayobacreria
F′ayobacreria
Fra1/obacreria
Fravobacrerila
Flayobacreria
Fra1/oゎacre″a
B,■dobacreriares
Bifidobacreriares
B″doわacreriares
B″dobacreriares
3'■dobacreriares
Cori9わacreriares
Cori9bacreriares
Cori9bacreriares
Cori9bacreriares
Cοri9bacreriares
Cori9bacreri3/es
Cοri9わacreriares
Micrococcrr7eae
Microcοc ineae
Micrococcrr7eae
Rυbrobacreriares
Spわaerobacrerares
Rυbroわacrerares
ハ9鵡cares
A9uiicares
ス9uiicares
ス9UiiCares
ハ9鵡cares
3acrerOldares
3acrerOidares
3acrerOFdares
3acrerOida′es
3acrerOidares
3acrerOFdares
3acrerOtta/es
BacrerOidares
BacrerOF」ares
3acrerOfJares
FravObacreriares
FrayObacreriares
F/ayobacreri3′es
Frayobacreriares
Fravobacre″res
Fravoわacre″ares
Fravobacferiares
FrayObacre″res
Bifidobacreriaceae
unkηOwη a籠′iari9η
υηk″owr7 a席″′ri9η
υηkηOwr7 a痢″ari9η
υηkηOνγη a籠′iari9η
Co″obacreriaceae
Corrobacreriaceae
Cοrrobacreriaceae
Corrobacreriaceae
Corfobacreriaceae
Corlοbacreriaceae
Corroわacreriaceae
MicЮわacreriaceae
MicЮわacreriaceae
MicЮbacreriaceae
Rυわrobacre″aceae
Spわaerobacreriaceae
Rυbrobacrerineae
ハ9υ
“
Caceae
ス9υ′″caceae
ハ9υ′″caceae
ハ9υttcaceae
Ce/1era rce“ae sedis
3acrerOidaceae
BacrerOjdaceae
3acrerOidaceae
PoζpbyromOttadaceae
PorphyromOβadaceae
Porphyromοttadaceae
Preyoferraceae
Preyore′′aceae
Riker7e″aCeae
Rikeηrraceae
Bra“ゎacreriaceae
Fravobacreriaceae
Frayobacre″eae
F′avObacreriaceae
Fra1/obacreriaceae
Frayobacreriaceae
Frayobacreriaceae
FrayObacreriaceae
Cardnere〃a
AcrinOb′。ρora
/1cri190cOra〃′a
Exce〃Ospora
Turice〃a
/trOpοbium
cοrrinserra
Cori9bacrenum
cψrObacrenum
Den″Юbacreriυ膚
Eggeだわerra
sracki3
MicЮbacreri1/m
Microbacreriv膚
MicЮわacreriv解
Rtrbrobacrer
SρわaerObacrer
Tわe″ηο′eoρわ′υm
ハ9Jttχ
carderObacrerium
Hydrogeηοbacrer
丁わe″ηOcrfn′s
Desυ〃レrobacreril」m
スnaerottabdυs
3acrerO′cres
Mega“οβas
Dysgο″omor7aS
Pοrphyromοnas
Oribaculum
施 rrerra
Preyorerra
Marin′′abilia
R′々 )月erra
Bra“abacrerilJm
Bergeyerra
CaρЛοc/opわaga
cerry′ορゎaga
ChγseObacreritlm
Coenο″′a
Empedobacrer
Fravobacreriv“
gardnererra
acrinοbispora
acrinOcOra〃′a
exce〃ospora
"ricerraa Opοbium
cοrri10se〃a
cοrrobacわnum
Cり4ガObacrerilJm
den″Юbacrettum
eggerr7θ″a
srackia
′
2●arkeり
3
`υ
わroわacrer
spr7aerObacrer
fわe″ηOノeOρ力rilum
a9υわχ
carderObacrenum
力yddrogenobacrer
rゎermοcrfr′s
desyrfJrOゎacreriv“
ar7aero力abdtls
bacrerOFdes
megamοηas
dysgοη ttοβaS
ρOrphyromO″as
Oribacutum
わa〃e〃a
preyorerra
marfrl′′abilia
rrkere〃a
b′a“abacreriLrm
bergeyeノ′a
caρβοc/opわaga
cerrJrOp力aga
c力″seobacreriJm
cοe″o月′a
empθdobacrer
frayObacreriJm
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BacrerOideres
3acrerOFderes
BacrerOderes
BacrerOderes
3acfero′deres
BacrerOdeゎs
3acわroideわs
3acrerOメderes
BacrerOlderes
3acrerOF」eres
3acrerO′deres
3acrerOFderes
BacrerOiJeres
3acrerOFderes
3acrerO´deres
3acrerO′deres
BacrerOideres
3acrerOF」eres
BacrerO′deres
BacrerOFderes
3acrerOFderes
BacrerOrderes
BacrerOideres
BacrerO′deres
BacrerOメderes
3acrerO′deres
BacrerO′deres
BacrerO′σeres
BacrerOFderes
3acrerOF」eres
cゎramydia
cゎramFia
cゎramydia
cゎrattdia
cゎramFia
cヵra″ydia
cヵramガia
cヵramria
C力/orobi
cヵrOrObi
F′avObacre″a
Frayobacreria
Frayobacferia
Fravobacreria
Frayobacreria
Frayoわacreria
F/ayObacreria
Frayoわacreria
Frayobacreria
Spわringοbacreria
Spわgοbacreria
Spわgοわacreria
Sρわringοbacreria
Spわgοわacreria
Sp力
"gο
わacreria
Sρわわ obacre″a
Spわgobacreria
SpわgObacわria
Spわringobacreria
Sp力わgOわacreria
Spわgοわacreria
Sp力わgobacreria
Sp力わgoわacreria
Sp力わgOわacわria
SpわgOわacreri3
Sp力ringοbacreria
SpわgOわacreria
SpわgOわacreri3
Spわgoわacreria
Sp力わgOわacreria
cゎramydiae
cゎramガiae
cゎra″yd′ae
cゎramydiae
cヵramFiae
cヵra″ydfae
cゎramydiae
Cわlamriae
C力′oroわね
C力/oroわね
Fra1/obacreri3′es
Frayobacreriares
Frayoわacreriares
Frayoわacreriares
F′ayoわacreriares
Frayoわacreriares
F/a1/oわacreriaノes
Frayobacreriares
Fra1/obacreriaノes
Sρ力ringοわacわriares
Sp力ringοわacreriares
Sρ力ringοoaCreriares
Sρ力わgobacreriares
Spわi19gobacreriares
Spわgοわacreriares
SpわgOわacreriares
SρわわgObacreriares
Sp力わgobacreriares
SpわgOわacreriares
SpわgObacreriares
Spわringοbacreriares
Sp力わgOわacreriares
Sp力わgOわacreriares
Sp力わgObacreriares
SpわgObacわriares
SpわgObacreriares
Spわgοわacreriares
SpわgOわacreriares
SpわgOわacreriares
SpわringObacreriares
cゎramydiares
cゎramycriares
cヵramydiares
cゎramydi13res
cヵramydiares
Cわ/amydiares
cゎramydiares
cゎramycriales
cヵrOrObねres
Cわ/orobねres
F′ayobacreriaceae
Frayobacreriaceae
Frayoわacreriaceae
FravObacreriaceae
Frayoわacreriaceae
Frayobacゎriaceae
Fravoわacreriaceae
F′ayobacreri3ceae
Frayoわacreri12ceae
Crer70friCわaceae
Cre170:″Cわaceae
Frammeοyirgaceae
Frammeοyirgaceae
F/ammeoyirgaceae
Frammeοvirgaceae
Frexibacrerraceae
Frexibacゎrraceae
Frexibacrerraceae
Frexibacrerraceae
F/exibacrerraceae
Frexibacrerraceae
Frexibacrerraceae
F/exibacrerraceae
Frexibacrerraceae
Frexibacrerraceae
Saρraspiraceae
Sapraspiにceae
Saρraspiraceaθ
Sp力わgoわacreriaceae
Sp力わgOわacreriaceae
cヵramydiaceae
cゎramydiaceae
C力/amydiaceae
cゎramydiaceae
cヵramydiaceaθ
Paracわ/attdiaceae
Simkaηねceae
囲addriaceae
C力/oroわねceae
Cわ/oroわねceae
ceridibacゎr
Myrodes
Orr7′rわοbacrerivm
POraribacrer
PsychroFexυs
Psychroserpers
Rわmererra
saregerrilbacrer
四eeたserra
ChはnOρわaga
RわOdorわerJ77υS
Fra用eοyirga
Frex″わ文
Persicοわacrer
Tr7e″ηOrema
cycrObacrenum
C/Opわaga
Dyadobacrer
Frecfobac〃υs
Frexibacrer
Hymenοbacrer
ん′′cЮscilla
RIIne〃a
Sp′ЮsOma
Sporocyfoρわaga
Ha″scomettοわacrer
■ewinerra
Saprosp施
Pedobacrer
Sp力ringObacrenum
cヵramガ,a
cヵramydopわrila
cヵramydOp力rila
cゎramydOpわfila
cヵramydop力fila
Parac力ramydia
SImkanねceae
陥 ddria
cゎrOrObium
Cわ/oro力e″efon
geriJibacrer
myroFdes
Orr7″わObacreriy用
ρOraribacrer
ρSyCわrofrexys
ρSyCわroserpetts
rremerer/a
saregenfilbacrer
weeたse〃a
cわ由nOρ力aga
肋Odoめemυs
Frammeοyirga
Frexilr7″k
ρersたοわacrer
めermοηθma
cycrObacreriυ膚
C/Opわaga
dyadbbacわr
frecrObacillus
″ex′わacrer
わymeηοbacrer
″7′CrOScillra
″ηe〃a
sprrosoma
spοroc/op力aga
わa′′scotte17obacrer
rewi19e〃a
saprowfra
ρedobacrer
spわgOわacreritlm
cヵramydia
cゎramydOpわね
c力/amydopわね
cゎra″ydορ力胎
c力/amydορわね
ρaraCr7ramガia
s″ηκan′aceae
lvaddria
cわ′οrobium
chノOroわepero17
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C力′oroわF
C力/orobi
cゎrOrO″exi
CわroroFexi
cヵrOrOFexi
cゎrOrOFexi
cゎrOrO″exi
cゎrOrOFexi
Cわ/oronexi
C力/orofrexi
C力/orofrexi
Cわysi9gereres
Cyar70わaCreria
Cyanobacreria
Cyar70baCreria
Cya170baCreria
Cyattοわacreria
Cyanobacre″
Cyanobacreria
Cya″οbacferia
Cyaβοわacreria
Cya,oわacreria
Cyar70わaCreria
Cyanοbacreria
CyattObacreria
Cya17oわacreria
Cya″οbacreria
Cyar70わaCreria
Cyar70baCreria
Cyarobacreria
Cyaηοbacreria
Cyaηοbacreria
CyanObacreria
Cya/70baCreria
Cyaηobacreria
Cya″Obacreria
Cya170わacreria
Cyaηοbacreria
Cya170わacreria
CyanOわacreria
Cわ′οroわ′a
cヵrOrOゎね
CわroroFrexi
cヵrOrO″exi
C力′orofrexi
Cわ/ororexi
Cわ/ororexi
De力arocOccO′(メ(〕res
De力arocοcοidereS
Deわa′OcoccoFderes
Deわa/ococcoFderes
Cわysi9generes
Cyaηοわacreria
Cyattοわacreria
Cyanοわacreria
Cyanοbacreria
Cyaηοbacreria
Cyar7obacreria
Cyar70わaCreria
Cya″οbacreria
Cyanοbacreria
Cyar7obacreria
Cyaηοbacreria
Cyanοわacreria
Cyaηοわacreria
CyanObacreria
Cyar70わaCreria
Cyaηobacreria
Cyanοわacreria
Cya170bacreria
Cyaηοbacreria
Cyaηοbacreria
CyanObacre″
CyaЛοbacreria
Cyarobacreria
CyaηOわacreria
Cyaηοわacreria
Cyaηοわacreria
Cyaηοわacreria
Cya″οbacreria
cゎrOrOゎねres
cゎrOrOゎねres
cヵrOrOFexares
C力/ororexares
Ch′oroFexares
CわIoroFexares
Herperos′ρゎοnares
Deわa′οcoccO′deS
C力γsi9gerares
Cyaηοbacreria oィ
Cyaβοbacreria o′
Cyanobacreria o′
Cyanοわacreria o′
Cyaηοbacreria o′
Cyanοわacreri3 oィ
CyanObacre″o′
Cyar70わaCreria o′
Cyarobacreri3 o′
Cyanobacreria o7
Cyaηοわacreri3 o2
CyarOわacわria 02
Cyanοわacreri3 o2
Cyaηοわacreri3 o2
Cyanοわacわri3 03
Cyaβοbacreri3 o3
Cyar7obacreria o3
Cyattοbacreria o3
CyaЛοわacreri3 o3
Cyanοわacreria o3
CyanObacreria o3
Cyattοbacreria o3
Cyanοbacreria o3
Cya170baCreri3 o3
Cyar70baCreri2 o3
Cyarobacreri2 oィ
Cyanοわacわria Oイ
CyanOわacreri3 oィ
Chノoroわ′aceae
CカノOroわ′aceae
Ch′oroFrexaceae
Cわ′oro″exaceae
cゎrOrOrexaceae
Oscillroc力IOridaceae
″erperosi10ゎοttaceae
Deわa′ococcοFdaCeae
De′7aノOcoccOidaCeae
De力aノOcOccOidaCeae
De′,aノOcOccOdaCeae
Chysfogettaceae
Cyar7obacreria Fイ.′
Cyanobacreria F′.′
Cyanobacreria Fイ.イ
CyanObacreria F′.イ
Cya/70baCreria F′.′
Cyattοbacreria F′.イ
Cyaroわacreria F′.イ
Cyanοbacre″aFイ.′
Cyaηοわacわria F′.′
Cyaηοわacreria Fイ.イ
Cyaηοわacわria F2.イ
Cyattοbacreria F2.イ
Cyar70baCreria F2.イ
Cyar70わaCreria F2.2
Cyanobacreria F3.イ
Cya″οbacreria F3.′
Cyanοわacreria F3.イ
Cyanoわacわria F3.イ
Cyattοわacreria F3.′
Cyattοbacreria F3.′
Cyanobacreria F3.イ
Cyar70baCreria F3.′
CyarObacreria F3.′
CyaηOわacreria F3.イ
CyaηOわacre″a F3.′
Cyanοbacreria F3.2
Cyanοbacreria Fイ.イ
CyanObacreria Fィ.′
PerOdFc4/Oη
PrOsrヵecοc力′οris
C力′oroFexJs
C力′οronema
HeriO綺放
Oscilroc力/Oris
″erperosriDわOβ
De′7aノOcoccO′(ノ()s
Der,aノOcoccO′(メ(〕s
DeわaノOcOccO′deS
De力a/ocοcoi」eS
C力ysi9geres
Cyaηοbacre"um
Cyaβοめece
DacryrOcOcc9ρSIS
G′Oeobacrer
Cノooocapsa
crOeοttece
Microcysris
Proch′οrococcυs
Proめ/oroβ
Synec力οcysfis
Dermocaρe〃a
sra″ゎria
Xer7ococcυs
P′eυrocaρsa
Ceillerinema
Ha′οsprirurina
L′mηOf力月k
ι/r7gbya
P′an施肋慮
Procわroroめ″x
Pseυdanabaena
SpFrJri17a
Sfarria
symprOca
Tttchodesmlum
Osc′〃aroria
ハ17abae″4ハ
ハnabaer7aイИ
ρerOd′cryor
ρros舌わecοcわ′οris
cわノoro″exus
cわ′oror7ema
ゎeri91ゎ
“
髪
Osc′〃Oc力′oris
力erpefosilDわOη
erゎeβοgeres f
2
3
4
cわysi9gettes
cyattοわacreril」m
cyaηοrわece
dacryIOcOccoρsFs
grOeοゎacrer
gノOoocapsa
g′οeοrわece
mたrocysris
proc力/orococctls
prOCr7/OrOβ
synecわο ysfis
dem9ocarperra
sra月ゎria
χer70COCCυS
preυrOcapSa
geitlerr/1ema
力aノospirdina
″mηο的″χ
ryr7gbya
prarttοめ″x
procわ′Oroめ″x
ρSetldanabaena
spirullna
srarrfa
s/mprOca
rricゎοdesmium
oscilraforia
arabae,a
anabaena
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Cyar70baCreria
Cyanοbacreria
Cyattοbacreria
Cyanobacreria
Cyanοわacre″a
Cyar7obacreria
Cyar70baCreria
Cyanobacreria
Cyaηοbacreria
Cya170baCreria
Cyaηοわacreria
DeFerribacreres
DeFerribacreres
DeFerribacわres
DeFerribacreres
DeFerribacreres
Cya″Obacreria
Cyaηοbacreria
Cyar70baCreria
Cya17obacreria
Cyar70baCreria
Cyaηοbacreria
Cyar70baCわri
Cyarobacreria
Cyar70baCreria
Cya170baCわri3
Cyaηοbacreria
DeFerribacreres
DeFerribacreres
DeFerribacreres
DeFerribacreres
DeFerribacreres
Cyanobacreria o4
Cyaηοわacreria o4
CyanObacreri3 o4
Cyanοbacreria oィ
Cyaηοbacreria o4
Cyaηοbacreria oィ
Cyar70baCreria oィ
Cya/70baCreria o5
Cya″Obacreria o5
CyaηObacわri3 05
0sc′〃aroriares
DeFerribacrerares
DeFerribacrerares
DeFerribacrerares
DeFerribacrerares
ノ′7SCettae sedis
DettOcοc ares
The″ηares
Tわe″ηares
Dたfyogromares
Fibrobacrerares
Bacillrares
3acillrares
3acilrares
3acilrares
3acilrares
3acilrares
3acilrares
Bac′IIares
Bacillrares
3acilrares
3acilrares
3ac〃′ares
3ac′″ares
Bac′″ares
3acilrares
3acilrares
3acillares
3ac′〃ares
3ac〃ノares
Cyanoわacreri3 Fイ.′
Cyanοわacreria Fイ.イ
Cyanobacreria F4.′
Cya17oわacreria Fイ.イ
Cyanobacreria Fイ.イ
Cyaηοわacreria Fイ.イ
Cyanobacreria F4.イ
Cyar7obacreri2 F5.′
Cya17οbacre″a F5.′
Cya″οbacreria Faイ
スだわrospriraceae
DeFerribacわraceae
DeFerribacreraceae
DeFerribacreraceae
DeFerrilbacreraceae
rnsce″ae sedis
De∴ηococcaceae
Tわermaceae
The″ηaceae
DたryogrOmaceae
Fibrobacreraceae
ハricycrObacilraceae
スricyc/0ゎaciffaceae
3acillraceae
3acillraceaθ
Bacillaceae
Bacri1/aceae
Bacillraceae
Bacillaceae
3ac′〃aceae
Bacilraceae
Bacilraceae
Carηοbacrerraceae
carOpゎanaceae
L′sreriaceae
L′sferiaceae
Paen′bacilraceae
Paenわacilraceae
Pae月′bac′′aceaθ
Paeη′bacilraceae
スηabaeraク
ス月abaenoρsls
ハρわar71ZOmenOη
CyattospF旧
cyrindrOspe″ηορsた
cyrindrOspe′ηυ用
ArodJraria
CわIorogroeOpSお
Fis“ererra
Umezak′
ハ励 rospね
DeFerribacrer
DeηたЮyibrio
Frex′srilDeS
Ceοyobri9
Synergisres
De′ηOcoccυs
Me′Orゎermυs
Tわe″ηυs
DたryOgrOmυs
Fibrobacrer
ハricycrObac〃υs
Sy/fobacil1/Js
ハ″ρカルacilrys
ハηoxybacilrus
Bacilrtls
Exi9υOわacreriv“
Cracillibacilrょs
HarOゎac〃υs
Sacc力arococcυs
saribacillυs
yirgわacillr髯
ハgbcocctls
Ca7opわaηOβ
Broc力0め″x
とぉreri3
ハmmonfiD力rilys
ハneυrinibacillrys
Brevilbacillrys
OχaノOρわagυs
anabaena
ar7abaerορs′s
aρわanizοmer70r7
cyanosprra
cyrindrOspermopsis
cyrindrOspe″ηυ用
ηοσυrarra
cヵrorOgrOeορsls
ためererra
umezakia
arfbrospね
deFerrilbacrer
“
ηたЮyibri9
frexisfilDeS
geοyfbrro
syr7ergおes
derr70COCCυS
me′ο
`わ
e″ηys
めe′ηυs
dicryOg/omυs
fibЮbacrer
aricycrObac〃′EIs
sy/fobacillrys
ampわ′bacilrys
anοxybacilllυs
bacil1/Js
eXigυοわacreriv膚
gracilibaci1/Js
わa′οbacillys
saccharococcυs
saribacilrys
yirgribac″υs
agだOcoccus
cayOpゎanO/7
broめo力放
risreria
a“用0″riD力illys
ar7eυrfr7′bacillys
breyilbaci1/Js
oxa′Oρわagcls
Deわoooccυs‐石わermυs  DeわOcocci
DenOcoccυs‐7he″ηυs   De′f7000CC′
De胴ococcυs‐コ吻ermυs  De′170coccr
DたryOgrO用′
Fibrobacreres
Firmたυfes
Firmたυres
Firm′cυres
Firmたυfes
Firmたυfes
Firmたυfes
Firm′cυres
Firm′cυres
Fimたυres
Firm′cυres
Firmたυres
Firmたυres
Firm′cυres
Firm′cυres
Firmたυres
Firmたυres
Firmたυわs
Firmたυres
Firmたυres
DたryOg/om′
Fibrobacreres
3acilli
3ac′′″
3acF′′
Baci1/i
3ac′
`「Bacilri
Bacillri
3acilli
3acilri
3ac′〃
3acilri
3acF`′′
3aci1/i
3ac′′
3acilri
3acillri
3acilri
3ac′′″
BacF`′′
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Firm′cυres
Firm′cυres
Firmたυres
Firm′cυres
Firm′cυfes
Filrmたυres
Firmたυres
Firm′cυres
Firm′cυres
Firmたυres
Firm′cυres
Firmたυres
Firmたυres
Firmたυres
Firmたυfes
Firm′cυres
Firm′cυres
Firm′cυres
Firmたυres
Firmたυfes
Firm′cυres
Firmたυres
FilrmicIJres
Firmたυres
Firmたυres
Firmたυfes
Firmたυres
Firm′cυres
Firmたυわs
Firmたυres
Firm′cυres
Firmたυfes
Firmたυres
Firmたυres
Firm′cυfes
Firm′c″res
Firm′cυres
Firm′cJres
Firm′cυres
Firmたυres
3acillrares
Bacilrares
Bacilrares
3ac′″ares
3acillares
3acilrares
3acilrares
3acilrares
Bacillrares
3acilrares
Bacilrares
3acilrares
Bacilrares
Lacrobacillrares
Lacrobacillrares
Lacfobacilrares
Lacrobac′〃 res
Lacrobacillrares
Lacrobacilrares
Lacrobacillares
Lacroわac′〃ares
Lacrobacilrares
Lacroわacilrares
Lacrobacilrares
Lacrobacilraノes
Lacroわacillrares
Lacrobacillrares
Lacrobacillrares
Lacfobacilrares
Lacroわacilrares
Lacroわacilrares
Lacrobacillares
Lacroわacil1/ares
Lacrobacil1/ares
Lacroわac′″ares
Lacrobaciffares
とacrOゎacilrare。
とacrObac′〃 res
Lacrobacilrares
Lacroわaci1/ares
Paer7′baCillrys
乃 em′car髯
Tr7emοbac〃′υs
Filibacrer
P′aЛοcoccυs
Sporosarci19a
Spororacわわ ilrys
MacrococcJs
Mari19ococCυS
cemerra
sari10たοccυs
srap4yrOcOccυs
Tわermοacri100myces
スわわfropわね
スerococcυs
DO′os′coccυs
Eremocοc υs
Fackramfa
C′0わたare〃a
rgnavigranυ膚
ス〃Oi9coccυs
CamοbacrerilJm
Desen?zra
DOrOsigraηJルm
Crattυ′carerra
lacrOspわaera
Trichocοc νS
ArOpοゎacrer
EnferococcuS
Leycοr7osfoc
Me″ssοcοccυS
Oeηοcoccυs
TerragenοcoccIJs
yagοcoccys
Weisse〃a
Oscilrospね
Syr7frOpヵ000cctIS
Lacわbaci1/Js
PararacrObacilrys
PediococctrS
ρaettribacillrys
拗e″ηノca月ょs
tわermobacilIJs
「
libacrer
ρ′anocοcυs
sporosarcrna
spororacわわ ″υs
macrocOccas
“
arrnοc cc1/S
geme〃a
sari19FcOccus
sraphy/ococcυs
r/7e″ηOacrinοJ77yceS
abゎrrOp力わ
aerococcυs
cメ0ノOsicoccこ′s
eremοcoccus
fackramね
grOゎたarerra
′gnayrgra″υm
a〃0′OcOccI1/S
camοわacrerI″η
desemz′la
dOrOsoranJυ用
gra″uli∞rerra
racfOspわaera
trichococcIIS
arOpοbacrer
e″ferococcυS
reυCO/70SrOC
me″ssocοcυS
oeηοcocctls
rerrage170COCCtIS
1/agοcoccas
weisserra
osc″′ospi穐
synfrop力οοοccυs
racrObacillυs
pararacfOゎacillrys
ρed,ococcυs
Bacilri
3ac′II′
BaciII,
3acilri
3acilri
3acilri
3ac′′″
Bac′′″
Bacilri
3acilli
3acillri
3ac′′
Bacilri
3acillri
3acillri
3acilri
3acilli
3ac′′″
Bac〃′
3acilri
3acillri
3acilri
3acillri
3acrilri
3acilri
3acilri
3acilri
3acilli
Bac′′
3ac′′″
Bacil1/i
3acilri
3acF〃′
3acilri
3ac′′r′
3acilri
3acilri
Bacilri
3acilri
Bac′′
Paen′baci′′aceae
Pae月わacilraceae
Paθη′わac′aceae
P′anοcoccaceae
Praηοcοccaceae
P′aβοcoccaceae
Spororacわbacilraceae
sraphyrcOccaceae
SρOrOracゎbacilraceae
sraphyrOcοccaceae
Sfaρ力yrococcaceae
srapbyrOcOccaceae
The″ηοacri100myceraceae
ハerococcaceae
ハerococcaceae
ハerococcaceae
ハerocοcaceae
スerocοcaceae
Aerococcaceae
スerococcaceae
Carηοbacreriaceae
Camοわacreriaceae
Cattοわacわriaceae
Carr7οわacわriaceae
Cattοbacreriaceae
Car17oわacわriaceae
Cattοわacreriaceaθ
EηrerOcOccaCeae
Enferococcaceae
EnferococcaCeae
EηrerOcOccaCeae
EttrerOcOccaceae
Fr7rerOCOccaceae
EηrerOcοcaCeae
EηrerocOccaceae
rr7Ce"be sedis
rr7Ce″be sedis
Lacわわacillraceae
Lacrobacillraceae
Lacrobacilraceae
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Firm′cυわs
Firmたυfes
Firmたυfes
FirmたJres
Firm′cυres
Firmたυfes
Firmたυres
Firmたυres
Firmたυres
Firmたυres
Firmたυres
Firm′cυわs
Firmたυres
Firm′cυres
Firmたりres
Firmたυres
Firm「cυres
Firm′cυres
Firmたυfes
Firm′cυfes
Firm′cυfes
Firmたυres
Firmたυres
Firmたυfes
Firmたυres
Firm′cυres
Firmたυres
Firmたυres
Firmたυres
Firmたυfes
Firm′c″res
Firmたυres
Flrmたυfes
Firmたυres
Firm′cυfes
Firmたυres
F rヽm′cυres
Firm′cυfes
Firm′cυres
Firmicυfes
Bacilri
3acilri
crOsfridia
C′osfriJia
Cノosfridia
crOsrriJia
C′osfriJia
C′osfriJi3
C′OsfriJia
C′osfriJia
crOsfridia
Cノosfridia
Cノosfridia
CIosfridia
crOsfriJia
CノosfriJia
C′osfridia
C′OsfriJia
Cノosfridia
crOsrriJia
c′OsrriJia
C′osfriJia
c′Osrridia
C′OsfriJia
C′OsfriJia
crOsttfa
CノosfriJia
C′osfriJia
C′OstriJia
CノosrriJia
Cノosfridia
Cノosfridia
CノOsfridia
CノosfriJia
Cノosfridia
CノOsfπdFa
CノosfriJia
Cノosfridia
C′OsfriJia
CノosrriJia
Lacrobacilra′es
Lacrobac′″ res
crOsfriJiares
C′Osfridiares
Cノostrdiares
C′osfriJiares
crOsfriJi3/es
c′OsrriJiares
crOsfriJi3/es
C′osfriJiares
Cノosfridiares
Cノosfridiares
Cノosfridiares
CノOsfridiares
crOsfridiares
c′OsrriJiares
Cノosfridiares
crOsrriJiares
c′οsrridiares
Cノosfridiares
CノosfriJiares
CノOsfriJiares
C′osfriJiares
c′οsrriJiares
C′osfriJiares
CノOsfriJiares
CノosfriJiares
C′OsfriJiares
c′οsrriJiares
Cノosfridiares
CノOsfridiares
CノosfriJiares
CノosfriJiares
C′OsfriJiares
CノOsfriJiares
c′OsrriJiares
Cノosfridiaノes
Cノosfridiares
c′οsrriJiares
Cノostrdiares
srreprOcOccaceae
srreprOcOccaceaθ
ハcidamttοcoccaceae
ACidaη7′r70COCCaCeae
ACrda″71月OCOCCaCeae
Acrdaη7fr70COCCaCeae
Acidaηl胴οcOCCaCeae
ハcFdamttοcoccaCeae
ハCidaη7胴OCOCCaCeae
ハCidaη7胴OCOCCaCeae
スCidaη7′OCOCCaCeae
スCida177′OCOCCaCeae
スCida″7′ηOCOCCaCeae
ACida″7′βOCOCCaCeae
スCrdar71/70COCCaCeae
Aci」am′,ηococcaceae
ACidaη7fr70COCCaCeae
ハCrdar7∴ηOCOCCaCeae
Acidarllηοcoccaceae
スCida″71ηOCOCCaCeae
ACidar7fr70COCCaCeae
スcidaη7胴οcOCCaCeae
スCidaη7胴000CCaCeae
スCidar7′ηOCOCCaCeae
Cノosrridiaceaθ
C′osfridiaceae
CノOsrridiaceae
CノOsrridiaceae
C′osfridiaceae
Cノosfridiaceae
C′osfridiaceae
C′osfridiaceae
Cノosfridiaceae
Cノost″diaceae
Cノosfridiaceae
CノOsrridiaceae
CノOsrridiaceae
CノOsfriJiaceaθノ
crOsfri」iaceae〃
crOsfridiaceaeノ〃
LacrocOccυs
srreprOcοccυs
AcerOrlema
ハCirar7′ηOCOCCIIS
ハ,aeroarcυs
ハЛaeromυsa
ハnaerosttυ
Araeroyibri9
Dねおわr
Megasρわaera
MitsυOke〃a
Paρ′′わacrer
Paρ′′わacrer
Pecrinartrs
Phascorarcゎb crerilJm
Propわη′。ρora
Qυゎerra
Sc力warzra
serenOmOnas
Sporomysa
Sυccinたrasficυ鯛
Sυccin■ρ′膊
Verilror7θ〃a
Zymορ力rilys
Aceritribrio
ハcidamfr10bacrer
ハ″aerobacrer
carOramarOr
CノOsfridiv′77
COρrobacillrys
IVafrorri9cο′a
Oxοbacrer
Sarcrna
Sροrobacわr
77em70bra“ル
“7わer1770カa/Obacrer
Ti77darria
crOsfriJil」m′
crOsfridilJm 〃
Cメost"dium 〃′
′acrOcOccυs
sfreprococcas
acerO17ema
aCidar7fr70COCCυS
ar7aeroarcυs
anaeromasa
aηaerosttυs
ar7aerOyJbrro
d′arisrer
megaspわaera
m″stroe々//a
ρaρiliibacrer
ρaρillibacrer
pecrirlaryS
ρわascorarcrOゎa eriv用
ρrop′οnlsp′ra
9υ′ηerra
schu/arzia
seノe′70′770′7aS
sporomusa
sycci9iclasrictlm
SυCC′η′Sprra
1/ei1lone′′a
ZymOρ力〃υS
acerivibrfO
acidam′月οわacrer
anaerobacrer
carOramarOr
c′Osrridiυm
cορroわacilrys
月arrOr7′ηCOra
oxobacrer
SarCrr7a
sporobacrer
fわe″ηοbrac力:um
めemO力a/oわacrer
fi77め/ria
c′οstttdium
c′OsrridilJm
cノosfrr(力υ用
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Firmたυres
Firmたυres
Firm′ctlres
Firmたυres
Firmたυres
Firmicυres
Firmicυres
Firm′cυres
Firmたυres
Firmたυわs
Filrmたυres
Firm′cυres
Firm′cυres
Firm′cυres
Firm′cυres
Firmたυres
Firm′cυfes
Firmたυres
Firm′cυres
Filrmたυres
Firmたυres
Firmたυfes
Firmたυわs
Firm′cυres
Firm′cυわs
Firmたυres
Firmたυres
Firm′cJres
Firm′cυres
Firmたυわs
Firmfcυres
Firm′cυres
、、たυres
Firm′cυres
Firmたυres
Filrmたυres
Firmたυres
Firm′cυres
Firm′cυわs
Firmたυres
CノosfriJi12
C′OsfriJia
c′OsrriJia
Cメost"dia
C′osfriJia
c′OsrriJia
c′OsrriJia
C′OsfriJia
c′OsrriJia
C′osfriJia
CノosfriJi3
crOsrriJia
crOsfriJia
C′osfriJia
c′OsrriJia
crOsrridia
Cノosfridia
C′osfriJia
Cメosfridia
C′osfridia
C′OsfriJia
C′osfriJia
c/OsrriJia
crOsfridia
Cノosrridia
Cノosfridia
Cメosfridia
CノOstttdia
C′osfriJi2
C′osfriJi3
c′OsrriJi9
c′οsrriJia
Cノosrri」a
C/osfriJia
crOsrridia
c/OsrriJia
CノOs舌漸dFa
crOsfridia
c/Osrridia
Cノost百dia
Cノosrridiares
Cノosfridi3/es
C′osfriJiares
C′osfriJiares
Cノosfridiares
Cノosrridiares
CノosfriJi3ノes
CノOsfriJi13res
CノosfriJiares
Cノostttdiares
c′Osrridiares
c′οsrriJiares
C′ost“diares
c′Osrri」ares
C′osfridiares
CノOstttdiares
crOsrriJiares
C′Osfridiares
CノosfriJiares
crOsfriJiares
c′οsrridiares
C′osfriJiares
CノosfriJiares
C′OsfriJiares
c/OsrriJiales
C′osfridiares
c′OsrriJiares
c′οsrridiares
Cノosfridiares
CノosfriJiares
C′OsfriJiares
C′osfri」ares
Cノosfridiares
Cノosfridiares
c′Osrridiares
CノOsrriJiares
C′osfriJiares
C′osfriJiales
crOsfriJiares
C′OsfriJiares
crOsfriJiaceae rX
C′osfriJiaceae X/r
c′Osrridiaceae Xrya
C′Osfridiaceae XVr
C′OsfriJiaceae XVrr′
C′Osfridiaceae XrX
Deわa′0わacrerivm
EJbacreriaceae
EI1/bacreriaceae
Eubacreriaceae
Eυわacreriaceae
Eυわacreriaceae
Eυわacreriaceae
Eυbacreriaceae
Fυbacrerraceae
He″Obacわriaceae
He″οbacreriaceae
月e″οbacreriaceae
He″οわacreriaceae
Lacr7ηOSpittceae
Lac力月ospiraceae
LacわηOspi瞼ceae
LacわηOspittceae
Lacr7ηOSpiraceae
LacわηOspiraceaθ
Lacわηospiraceae
Lacわηospiraceae
Lac力月ospiraceae
Lac力r70Spi聡ceae
Lac力βOoρiraceae
Lac力月ospttaceae
Peρfococcaceae
PeprOcOccaceae
PeprOcοc aceae
PeprOcοc aceaθ
PeprOcOccaceae
PeρrOcOccaceae
Peρfococcaceaθ
Peρfococcaceae
PeprOcOccaceae
C′OsLndium/x
Cノosfridiι″η9 ス7′
crOsfridiυtt χ′a
C′osfridivm 海 ■
CノOsrriJirm冷1■
C′osfriJivtt χ放
DeわarobacreriLrm
ハcerOゎacreriv“
スcerOゎacゎriv解
ハcerOゎacrenum
ハcefobacreriυ用
スηaero1/orax
Eυわacreritlm
Mogわacrerivm
Pseυdorar7わaCrer
He″οわacilllys
「 たガ′0わacrerilJm
″e″ορ力ilum
Heri9resris
Aceri10macυノυ孵
ハnaeroFilυ
“Bυfyriribri9
care″ゎacreril」m
CarOr70/ra
CoρrococctrS
」0′7′7SO′7eノ′a
■ac力ηοspira
Pseυdοわυryriribri9
RoseわLfrra
RIIminOcoccyS
Sporobacrerivm
CeЛrilDeda
DeわaノObacrer
De力arobacゎr
Deわarobacrer
Deわaノ0わacrer
DendrosρOroわacrer
Desυ′″わbacrerium
Desυ′″わbacrerivm
DesυttbbacreriJ廟
cノosrridiv′77
c′ost薔dium
crOsrrrdiυm
cノosfrrdiv′77
c′osfridiυ用
c′osfriJiυ用
fo″η′coacercυ孵
acerObacrerium
carbri9o/icυ
“ヵarOfOrerans
w00dii
anaeroyoraχ
eυわacrenum
mogibacreriv用
ρseυdoramわacrer
わe″οbac′〃tls
わe″οbacわrivm
ゎeriDρゎillJm
わe″oresfis
aceri10maculum
araero″′″孵
わυケ″Vibrio
care″′bacrettum
carOne〃a
coprococcus
わわnSOηerra
racゎf70sptra
pseυdobυryriribrio
rosebllrra
rtrm′ηοcοcCuS
sporobacreriv“
CeЛrilDeda
′
de力aノ0わacrer
resr″ctus2
resfrrcrys3
deηdrosporobacrer
deヵarOge17ar7S
desυ′″わわacreril」″
dich/oroerimゎans
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P力vJ″m        Crass           order           Fam′′y       Cen″s   _  Specたs
Firmたυres
Firm′cυres
Firmたυfes
Firm′cυfes
Firmたυres
Firm′cυres
Firmたυわs
Firm′cυfes
Firm′cυfes
Firmたυわs
Firm′cυfes
Firm′cJfes
Firm′cυわs
Firmたυfes
Firm′ctts
Firm′cυres
Firmたυres
Firm′cυres
Firmたυfes
Firm′cυfes
Firm′cυres
Firm′cυres
Firmたυres
Firm′c〃わs
Firmたυfes
Firm′cυFes
Firmたυres
Firm′cυfes
Firm′cυres
Filrmたυres
Firmicυres
Firmたυres
Firmたυres
Firmたυわs
Firmたυres
FirmicIJres
Firmたυres
Firm′cυres
Firmたυres
Firm′cυres
CノOsfridia
CノOsfriJia
C′osfriJia
C′Osfridia
crOsfriJia
c′OsrriJia
Cノosrridia
Cノosfridia
Cノosfridia
CノOsfridia
c′OsrriJia
c′οsrriJia
c′οsrridia
CノOsrriJia
Cノosfridia
C′osfriJia
Cノosfridia
C′osfridia
CノosfriJia
C′osfriJia
c′οsrridia
C′osfridia
CノosrriJia
C′Ostttdia
Cノostttdia
Cノosrridia
crOsfridia
C′OsfriJia
crOsrridia
CノOst百dia
C′osfriJia
C′osfriJia
CノOsrriJia
c′OsrriJia
C′OsfriJia
CノOstriJia
crOsrriJia
Cノosfridia
CノOsfriJia
CノosfriJia
crOsrriJiares
Cノosrridiares
C′OsfriJiares
C′osfri」ares
Cノosrridiares
Cノosrridiares
Cノosrridiares
CノOsfriJiares
C′osfridiares
C′osfridiares
CノOsfridiares
Cノosfridiares
C′osfriJiares
C′osfridiares
CIosfriJiares
c′Osrridiales
C′osfridiares
CノosfriJiares
C′osfriJiares
C′OstriJi3/es
CノOsfridiares
c′Osrridiares
c′οsrridiares
Cノosrri」ares
Cノosfridiares
crOsrriJiares
c′Osrridiares
CノOsfridiares
c′OsrriJiares
c′οsrridiares
Cノost"diares
Cノosfridiares
Cノosfridiares
CノOsfridiares
Cノostttdiares
C′Osfri」ares
C′Osfridiares
Cノosfridiares
Peρfococcaceae
Peρfococcaceae
Peρわcoccaceae
Peρlococcaceae
PeprOcοc aceae
Peρfocοccaceae
Peρfocοccaceae
Peρfocοccaceae
Peρfococcaceae
PeprOcοc aceae
PeρfocOccaceae
PeprOcOccaceae
Peρfococcaceae
PeprOcOccaceae
PeprOcoccaceae
Peρfococcaceae
PeprOcοc aceae
Peρfococcaceae
PeprOcOccaceae
Peρわcoccaceae
PeprOcοc aceae
PeρrOcOccaceae
PeρrOcOccaceae
Peρfocοccaceaθ
Peρfococcaceae
Peρfocοccaceae
PeρfOCOCCaceae
Peρfococcaceae
PeρfopsrreprOcOccaceae
Peρfopsfrepわcoccaceae
PeρfoρsrreprOcOccaceae
PeprOpsfreprococcaceaθ
PeρfopsrreprOcOccaceae
Peρfopsfreprocοccaceae
Peρfopsfreprococcaceae
peprOpsrreprOcοccaceae
Synfrop力οttοηadaceae
SynfropわοttOηadaceaθ
Synfropわο
“
Oradaceae
syprrOp力ο
“
Or7adaceae
Desυ″わbacreriLfm
Dest″ノ″わbacreriこ′77
Desυ肺 わacreriυ用
Desυ′施 わacrenum
DesurFon′OρOra
DestrrfOr70Sρ″S
DesurFosporoslβυs
Desy/fosporosわυs
DesyrForo′ηaculum
DesurFofo′ηactl′υm
Desy/fofo′ηacぬum
DesυrfOfOmacυノυ″
DesυrFoわmacυノm
DesurfOfOmaculum
DesyrFofomacυル綱
DesurForomacノυm
DesυrfOrO′ηacυノ
“
m
DesyrFofomacJυ孵
DesυrfOfOmactllum
DesurFofomacυノII
DesurfOfOmacノυ
“P9ρfococcIIS
Peρfococcus
Synfropわ0わOLulus
Synfrop力οわοtulus
Synfrop力οわOtulus
ThermorerrabacゎrilJ“
乃 e′ηοrerrabacreriv‖
スβaerocοcuS
FiliFacrer
Finegordia
Fusribacfer
″ercOcOcctIS
Micromorlas
Peρfoηilo力llus
Tissわrerra
スoerOge17ル177
ス用わObacreriJ“
スmttοttοηas
ハj7aerobacυノtlm
frapρわri′
frappわri2
わaFr7メettSe
merarireduceηs
desurFo月おρora
めわsy/fogenes
desyrFosρorosi17ys
οrrer7ris
″0″
'Ca″
s2
acerOxiJa″s
aerona″″cυ
“arkarilDカル用
aυrrplgmenfυ用
destrrforo′ηacノυ鯛
gII責0′deυm
r7arOρわ〃υm
kυzηersoyF′
rig`″Cansf
redυcer7S
rtlη7″7′S
rゎθrmObeηzο′cum
ηrger
ρeρ
“
ηOρわiluS
g/ycoricぉ′
grycOric」s2
synfroρわοわortr′υs
Ferriredυcens
f力e″ηοrerrabacrerivm
a/1aerococcυs
FilliFacrer
Finegο′dia
ルsFbacrer
わe′cOcoccυs
m′cromο″as
ρθρfOCOCCυS
rissFererra
acerOge17′υ″
a″7′ηObacreriv“
a″7′ηOttOraS
anaerobacυ′υ
“
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Firmたどres
Firmたυres
Firmたυres
Firmたυres
Firm′cυres
Firmたυres
Firmたυres
Firm′cυres
Firmicυres
Firm′ctrres
Firmたυres
Firm′cυres
Firmたυres
Firm′cυres
Firm′cυres
Firmたυres
Firmたυres
Firm′cυfes
Firmたυわs
Firm′cυres
Firm′cυres
Firm′cυres
Firmたυres
Firm′cυres
Filrm′cυres
Firmたυres
Firm′cυres
Firm′cυres
Firmたυres
Firmたυres
Firmたυres
Firmたυわs
Firmたυres
Firm′cυres
Firm′cυres
Firmたυres
Firmたυres
Firmたυres
Firm′cυres
Firmた″res
Cメostttdia
crOst"dia
CノosfriJia
c′οsrriJia
crOsrridia
crOsfridia
CメOstridia
C/osfridia
C′osfridia
C′osfriJia
crOsfridia
crOsfttdia
crOsfridia
C′osfriJia
c′οsrriJi3
C′osfridia
crOstndia
c′οsrriJia
C/osfridia
Cノosfridia
CノOsfridia
crOsfridia
Cメosfridia
crOsrridia
crOsfridi3
Cメosrridia
C′osfriJia
C/ostridia
c′Osrridia
ん火)ノ″cυres
Mo′″cυres
MO〃′cIIJres
Mo//icυres
MO〃′cυres
MO〃′cυres
Mollicυres
Aイ0ノ″cυres
Mο/ricυfes
Mo〃′cυfes
MO〃′ct7res
C′osfriJiares
C′OsfriJiares
c′OsrriJiares
CノOsfriJiares
C′OsfriJiales
crOsrriJiares
CノosrriJiares
C′osfriJiares
C′osfriJiares
CノOsfriJi12res
″arOa″erObriares
ためrOa″aerOわねres
Ha′οanaeroわ′ares
HarOattaeroわねres
Ha′οanaeroわね′es
HaノOar7aerOわねres
Ha′οarlaeroわ′ares
Ha′oanaerobFares
HaノOar7aerobね′es
HaノOattaeroわFares
スc力0ノepras177arareS
Araeroprasmarares
ハηaeroprasmarares
/tr7aerOprasmarares
Eηわ孵Oρrasttarares
EηfomOρrasmarares
rr7ce″be sedis
ノ′7Cettae sedis
ノ′7Ce″ae sedis
Mycoρrasmarares
MycOρrasmarares
丁hermOaraerobacreriares  The″ηOar7aerObacr r
Tわe″ηοanaerobacferi3/es  7わθ″ηOanaeroわacreriaceae
Tわermoanaerobacreriares  7わθ″ηOanaerobacreriaceae
Tわe″ηοar7aerObacreriares  The″ηοaraerobacreriaceae
Tわe″ηοanaerobacreriaノes  The″ηοattaerobacreriaceae
The″ηOa17aerobacreriares  7カe″ηOa 7aeroわacreriaceae
The″ηοaraeroわacre″ares  7be″ηOa,aerobacreriaceae
Tわe″ηοar7aerObacreriares  The″ηοanaerobacreriaceae
Tわe″ηOanaerobacreri3′es  The″ηOanaeroわacreriaceae
丁わe″ηOattaeroわacreroFdeS    fわe″ηOa/7aerObacrerOldes
Syr7rrOpr70mOr7adaCeae
syprrOpわοttOradaceae
syprrOpわmοηadaceae
Synfropわοttο″adaceae
syprrOpわο″o月adaceae
syprrOpわο膚o月adaceae
Synfrop力mο″adaceae
Syr7rrOpゎοttοttadaCeae
Synfropわοttοttadaceae
syr7rrOpr70mOnadaceae
HaノOaηaerobriaceae
Ha′οa″aeroわ′aceae
HaノOanaeroわFaceae
HaノOar7aerob′aceae
Ha′οわacrerOidaceae
Haノ0わacrerOidaceae
HaノObacrerOidaceae
Ha′οわacrerOidaceae
Ha′οbacrerOidaceae
Haノ0わacrerOidaceae
/1cわ0′eprasmaraceae
A 7aerOprasmaraceae
ハηaeroprasmaraceae
EySriOerOfrichaceae
EηfottOρrasmaraceae
SpiЮprasmaraceae
EySriDerO力″cヵaceae
FysilDe/0拗″c力aceae
EySilDerO的″cゎaceae
MycOρrasmaraceae
MycOprasmaraceae
ハr7aerobranca
Ca′dicer/JrOsfiryprOr
De拗わsυrfoyibri9
PerOspοra
Synfropわmοηas
Synfropわspora
Syr7frOpゎοめθrmys
Tわe″ηaeroわacrer
Tわe″ηaηaerovibri9
7わ ″ηosyprrOpわa
HarOcerra
HarOttermοめ慮
rvarrOηゎ/ra
spοrOゎarObacrer
スcerOヵarOゎルm
Ha′οanaeroわacrer
Ha′οaraeroわ′υ用
Ha′οbacrerOides
Oreηね
Sporo力arobacrer
ハmmο月′わx
Cορror/7e″ηObacer
νοorerra
Sporofomacυル層
丁わe″ηaceroge17rum
丁わe″ηOanaerobacrer
Tわe″ηοar7aerobacreril」m
Tr7e″ηOanaeroわ′υm
スcヵοreprasma
スraeroprasma
ハsrerOreρrasma
Btlノ′eFd′a
レ´resOρノasma
Sp′
`Oρ
ras“a
EySilDerOめ慮
sOrObacreritr177
月Ordemanね
Epe月たわrozοη
t/reaρrasma
aηaerobrar7Ca
caたガce〃J/osirupror
derゎ´OsurFovibrio
ρerOspora
synfropわο
“
Oηas
synfrop力ospora
syr7fropわοめer177JS
rゎe″ηaerObacrer
rゎe″ηar7aerOyibrro
めerttosyr7frOpヵa
わaノOce〃a
′7aノ0めettηοr力′)(
r7arrOηFerra
spOノ0わa′Obacrer
acerOゎa′ο た″η
力a′Oa17aerOわacrer
r7a′Oanaeroわた″η
わaノobacわroides
oren′a
sporoわa′οacrer
ammο″′わx
cορrorr7θムmOわacer
mOorerra
sporofomaculum
fわe″ηacerogen′υ膚
fわe″ηοar7aerObacrer
fわermοanaerobacrenum
fわe″ηοa/1aerob′υ用
acヵοreprasma
anaeroprasma
asrerOreprasma
burreidia
mesορ′asma
sp′
“
Oρrasma
eySilDeノ0カリ″
sOノ0わacrenum
ゎOrdemania
epeダカrOz00月
υreaprasma
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P力yfJm       Crass         order         Fa“′ケ        Ce″″S     Specた■ _
Firm′cυres
Firm′cυfes
FυsObacreria
Fusοわacreria
Fysobacreria
Fusobacreria
Fysobacわria
Fυsobacreria
■usoわacreria
FErsobacわ″
FυsObacreria
FυsOわacreria
Fυsobacreria
FusObacreria
FusObacreria
F1/soわacreria
Fusobacreria
Nilrosρね
AriFrospね
Arilrosprira
N″Юsprira
Arilrosprira
Nilrosprira
N″Юsprira
rvilrOspねe
ArilrospFra
Nilrospねe
Prarcゎmyceres
P′ancromyceres
Pra17crOmyceゎs
P/attcromyceres
Profeοbacreria
PrOreοbacreria
PrOreοbacreria
PrOreοbacreria
ProわObacわria
PrOreοbacreria
PrOreObacreria
PrOreοbacゎria
PrOreοbacreria
νOllicυfes
MOllicυfes
Fusobacreria
Fysobacreria
Fusobacreria
Fυsobacreria
Fυsoわacわria
FJsOわacreria
Fysoわacreria
Fusoわacreria
FυsOわacreria
Fusoわacreria
Fυsobacreria
Fυsobacreria
FJsOわacreria
FusObacreria
FυsOわacreria
Arilrosp施
Arilrospね
Arilrowね
rvilrOsρゎ
Arilrospね
N″Юspね
Arilrospね
N″Юsprirae
Arirrospira
N″Юspね
P′arcromyceracia
Prar7CrOmycerac′a
P/ancromyce,cね
P/aρcromyceracFa
スrpゎaprOreοbacreria
4/pわaprofepbacわria
ス/pわaρrorepbacreria
スrpゎaprOreObacreria
ス/pわaρroわ0わacre″a
ス/pわaρroreObacゎri3
ハlp力aproreοゎacreria
ス/pわaproreObacreri12
/trpヵaρrOfeobacreria
Mycoprasmarares
MycOρrasmara′es
Fusobacreriares
FErsobacわriaノes
Fusobacreriares
Fυsoわacreriares
FIJsobacreriares
Fysobacreriares
F1/sobacreriares
Fusoわacreriares
FυsOわacreriares
FυsOわacreriares
Fusobacreriares
Fusoわacreriaノes
FυsOわacreriares
Ftrsobacreriares
FυsOわacrerares
雨 、spねres
IVilrospttres
Arilrospねres
Arilrosp′旧res
Aritrospノ趙res
Aritrospねres
Arilrospねres
Arilrosp′旧res
Arilrosp′膊res
Aritrospttres
P′ancromycerares
P′ar7CrOmycerares
P/a17cro177yceraノes
P′attcromycerares
Fam″開bWOn
Bradyr/7′ZOわねceae
Bradyr4′zοbねceae
Caυ′οわacferiares
Caυ/obacわrares
Caυノ0わac女〕″aノes
Caυlobacterares
DeF/J1/ilbacrer
RhiЮわた,res
MyCOρrasmaraceae
Mycoρrasmaraceae
FJsobacreriaceae
Fusobacreriaceae
Fusoわacreriaceae
Ftrsobacreriaceae
Fusοbacreriaceae
Fysobacreriaceae
FusObacreriaceae
FIJsOわacreriaceae
Fusοわacreriaceae
Fusoわacreriaceae
Fusoわacreriaceae
Fusobacreriaceae
Fusοわacreriaceae
FusObacreriaceae
FusOわacreriaceae
N″Юspiraceae
rvilrOspiraceae
rvilrOsptraceae
Arilrospiraceae
Arilrospiraceae
N″Юspimceae
rvilrOsptraceae
rvilrOsptraceae
Nilrospiraceae
Nilrosptraceae
P′attcrorηyceracea
P′arcromyceracea
P′a″cfomyceracea
PrattcrOmyceracea
Fam″ur7bЮη
Bradyrb′zOわねceae
Bradyrh′zοわたceae
caυrObacゎraceae
cagrObacreraceae
caνrOゎacreraceae
Caylobacreraceae
Pbyr/Obacreriaceae
3aだ0″e″aceae
Mycopね鋼 a
″aemοわa″οηerra
cerObacrerilJ綱
Fυsobacreriv用
Fυsoわacrerivm
Fusobacreriυ用
FysobacrerilJm
Fysobacrenum
FErsobacreriv用
FysoわacrerilJm
Fusοわacre"um
/ryObacrer
ムθρfot"Chね
Propわηoen′υm
sebarde′′a
Sfreprobacillys
Sfreprobacillys
とepわspttm
ιeprOspi"llum
Magr7eroわacreritrm
rviFrOsOspira
/ViFrosospira
rviFrOsOspira
ArilrosορFa
rvilrOspね
石わermοdesυrFo1/ibri9
乃emοdesυrFo1/ibri9
Cemmara
rsOspゎaera
Pilrerrara
PrattcrOmyces
Bacfodertta
Bradyrhttb′晰
雨 Qbacrer
スsficcacavris
BrevIIJJ7dilmo17aS
caυrObacrer
Pんenylobacreriυm
DefrJyibacrer
3aわ″erra
mycορrasma
力aemοわaだOne〃a
cerOゎacrerilJm
fusοbacrerium
ルsοbacrerium
ftrsoわacrerilJm
fJsobacreriv“
fysObacわriv用
Fysobacreriv解
ルsoわacrerilym
ルsοbacreriLIm
′レοbaCrer
reprOrricヵゎ
ρrop′οηrger7′tlm
sebarde〃a
srreprObacilrys
sfreproわac″υs
reρfOsρ′″〃υm
17魔Юsosptra
briensls
解υ/riFOmお
/7′rЮSpiに
オカe″ηοdestlrfovibriO
gemmara
′SOSρわaera
ρた //Jね
ρrattcrOmyces
bacrOdetta
asf′ccacatf′is
breyυndimor7aS
cagrOゎacrer
ρ力aeospi再:Iυm
deFr」yf,bacrer
baだOηe〃a
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PrOreοbacre″a
PrOreοbacreria
PrOreObacreria
PrOreοゎacreria
PrOreοbacreria
PrOreοbacreria
PrOreObacreria
PrOreObacreria
Proわο acreria
PrOreοゎacreria
PrOreοゎacreria
PrOreοbacreria
PrOreObacreria
PrOreοbacreria
PrOreοbacreria
Proわοacわria
PrOreοbacreria
Profeobacreria
PrOreOゎacreria
PrOreObacreria
PrOreObacreria
Proわοbacreria
PrOreοbacreria
PrOreοゎacreri3
PrOreοbacreria
PrOreοゎacreria
PrOreοゎacゎria
PrOreοゎacre″a
PrOreοbacreria
PrOreοゎacreria
PrOreObacreria
PrOreοゎacreria
PrOreοbacreria
PrOreοゎacreria
Profeobacreria
PrOreObacreria
PrOreObacゎri
PrOreObacreria
PrOreOゎacreria
PrOreοゎacreria
ハrpヵaρrOreοbacゎria
ハわわaprOreοbacreria
ハrpゎaprOreοbacreria
ハrpゎaprOreοbacreria
ハrpゎaρrOreοゎacゎria
スrpヵaprOreObacreria
スrpゎaprOreοゎacreria
スrpゎaprOreοゎacreria
スわわaprOreοbacreria
スrpゎaprOreοbacreria
4/p力aρroreοbacreria
ハrpヵaρrOreοbacreria
ハわ力aprOreObacreria
ハrpヵaprOreObacreria
ハrpヵaρrOreοゎacreria
スrpゎaprOreObacre″a
ハrpゎaprOreοbacreria
ハrpゎaprOreοbacreria
ハrpゎaprOreοbacreria
ハrpゎaprOreοゎacre″a
ハrpヵaρrOreOゎacreri3
ハrpヵaproreοゎacreri12
スrpヵaρrOreοbacre鹿
ハrpヵaprOreοbacre″a
ス/p力aproreοbacre″a
スrpr7aprOreοゎacreria
ハわわaρrOfeObacreri2
ハrpゎaprOreοゎacreria
スrpヵaprOreοゎacゎria
/trpゎaprOreοゎacreria
ハrpヵaprOreοゎacreria
ハわわaprofeοわacreria
ハrpゎaprOreοゎacreria
ハわわaprOreοゎacreria
ス40わaρroreοゎacreria
スrpゎaprOreοゎacreria
ハ/pわaρroreοゎacreria
ハlp力aproreοゎacreria
ハrpヵapr。ゎ。bacreri3
ハ/pわaρroreοゎacreria
Rわ′zOわねres
RhiЮわねres
R17′zOわたres
Rわ′zobriares
Fめ′zOわねres
RhiЮわねres
RわiЮbねres
Rわ′zOわねres
RhiЮわねres
Rわ′zOわね′Os
R力′zOわri3res
R力′zOわri2res
Rわ′zOわFares
Rわ′zoわね′Os
Rわ′zOわね′es
RhiЮわねres
Rわ′zOわたres
Rわ′zOわね′es
R17′ZOわね′Os
Rh′zOわねノes
Rわ′zObねres
Rh′zOわね′es
Rわ′Юbbres
Rわ′zOわねres
Rわ′zOわねres
Rh′zOわねres
Rh′zOわねres
Rわ′zObねres
Rわ′zobね′es
Rわ′zOわね′es
R力′zObねres
R力′zOわねres
R力′zObねres
Rわ′Юわたres
Rわ′Юbbres
Rわ′zOわねres
R力′zOわねres
Rわ′zOわねres
RhiЮわね′Os
Rh′zOわ′ares
3aだOηe′aceae
Be〃err7ckiaceae
Bere/7nCkiaceae
BeJerrncκaceae
Bradyrh′zοわねceae
Bradyrh′zοわねceae
BraSy由′zοわたceae
Bradyrb′zοわたceae
Brad/rb′zοわねOeae
Brady由′Юわねceae
Brady由′zοbFaceae
Brady由ノzObiaceae
Bradyrhizοわねceae
Bryce〃aceae
Bruce〃aceae
BrIIce〃aceae
HypわOη7たrOわねceae
Hyphomたroわねceae
HyphO“メcЮわたceae
″/pr70mたrObriaceae
〃/pわ0″7FCrObriaceae
Hyp力om′cЮbねceae
Hypわ0“′cЮbri2ceae
HyphO孵′cЮわたceae
HyphO孵′cЮわねceae
HyphOm′Юわねceae
Hyphο″たroわたceae
Hyphom′cЮbねceae
Meray/Obacreriaceae
νer/7yrOCysfaceae
νerbyIOcysfaceae
νerbyIOcySfaceae
PhyrrObacreriaceae
PhyrrObacreriaceaθ
PhyrrObacreriaceae
PhyrrObacreriaceae
PhyrrObacreriaceae
Phy/1obacreriaceae
Rわ′zOわ′aceae
R力′zOわねceae
Rοcわarimaea
Be」errrckia
cゎerafOcOccυs
MerbyrOcerra
ハFilDね
ハgro“Oβas
3ノasfoわacrer
Bοsea
Braウnり′Юわ′υ
“rvilrObacrer
origOrrOpわa
RわOdOρseυdο
“
ο″as
Rhodopseυdomοηas
3`υcerra
Mycoprara
Oc力roわactrum
ハ″cyrObacrer
ハzo清′ab′υ用
BrasfOcゎrOris
Deyos′a
Hyphο用たrobル用
Metty/o肋abd〔お
Pedoη7rcroblum
Prosfわecomたソoわた″η
RわOdor7たrObルm
R力odopraηeS
Xanfr70わaCr
Xar7:わ0わacrer
νeめyrObacreriv鯛
脇 めy/ocysお
Mer4yrOprila
Mefbyrosinυs
ス廟わ0わacrer
ス9〃a月7rCrObium
νesο油′zοbium
PゎyrrObacrenum
Pbyr/Obacreriv“
PseυdamFηοbacrer
ハgrobacreriJm
スノ′0′わ′zObium
roc力arilmaea
beJerfrckia
cヵerarOcOccus
meめyrOcerra
aFilDね
agro′ηOnas
brasfObacrer
bosea
braヽね′Юわ′υm
η加 わacrer
ο′igοfrOp力a
油Odopseυdomοr7aS
油Odopseυdomoηas
brυce〃a
mycoρrar7a
οc力roわacrerilJm
aЛcy7obacrer
azοttizobium
ゎrasfOcゎrOris
deyos′a
わypわomfcrob′υ孵
merbyrOttabdus
pedO″7rCrObノυ177
ρrOsrゎecο″7′CЮblum
清OdO″ブcroblum
油Odopra″es
Fraws
xaρttοbacrer
merbyIObacrerium
merbyrOcySfis
merbyrOprila
meめy′osわυs
a″7′ηOわacrer
aguar7rCrObium
meso油′abium
ρわe/7yrObacreril」m
ρbyrrObacrerilrm
pseυdaβ7′月Obacrer
agrobacrenum
a〃ο力IЮbium
B15
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`y              Ce″
″s__          SpecFes
PrOreOゎacreria
PrOreοゎacreria
Profeobacreria
PrOreOゎacreria
Profeοわacreria
PrOreοゎacreria
PrOreοbacreria
PrOreObacreria
PrOreοゎacreria
PrOreοbacreria
prOreObacreria
PrOreοbacreria
PrOreοbacreria
PrOreObacreria
PrOreObacreria
PrOreοゎacreria
PrOreοbacreria
PrOreObacreria
PrOreObacreria
Proわο acreria
PrOreοゎacreria
PrOreObacreria
PrOreοゎacreria
PrOreοbacreria
PrOreοゎacreria
PrOreοゎacreria
PrOreοゎacreria
PrOreObacreria
PrOreοbacreria
PrOreοゎacreria
PrOreObacreria
PrOreοbacreria
PrOreοゎacreria
PrOreοゎacreria
PrOreObacreria
PrOreοbacreria
PrOreObacreria
PrOreObacreria
PrOreοbacreria
Profeοbacわria
ハrpゎaprOreObacreri2
ハrpゎaprOreοbacreria
ハrpゎaprOreObacreria
ハrpゎaρrOreObacreria
ハ/p力aproreObacreria
ス/pわaproreObacreria
ハわ力aρrOreοbacre″a
ハrpヵaρrOfeοわacreri3
ハrpゎaρrOreοゎacreri2
4rpゎaprOreοゎacreria
ハrpゎaρrOreοゎacreria
ハrpゎaρrOreοbacreria
ハrpゎaprOreObacreria
ハrpヵaprOreοbacreri3
スrpゎaprOreOゎacreria
ハ/pわaproreοゎacreria
ハrpゎaρrOfeοわacreria
ハrpゎaprOreObacreria
ArpゎaprOfeοわacreri9
ハrpゎaρrOreοbacreria
ハrpヵaρrOreObacreria
ハrpゎaprOreοゎacreria
ハrpゎaprOreοゎacreぬ
ハrpヵaprOreοbacreria
ス/pわaproreοbacreri3
4/pわaproreοゎacreria
ハrpゎaprOreοゎacreria
―スrpゎaρrOreοbacreria
スIpわaproreObacreria
/1/pわaproreοゎacreri9
ス/p力aproreοbacreria
スrpヵaprOreοbacreria
ハrpゎaρrOreObacre″a
スrpゎaprOreοゎacreri3
ハrpヵaprOreοゎacreri3
ハrpヵaprOreοゎacreri9
/trpゎaρrOゎ0わacre″a
スrpゎaρrOreοbacre廂
ハrpゎaprOreοゎacreria
スわ力aproreοゎacreria
Rわ′Юわたres
Rわ′zOわねres
Rわ′zOわね′Os
Rわ′zoわたres
Rh′zOb′ares
R力Odobacferares
R170dOわacrerares
RわOdobacrerares
RわOσObacrerares
RわOdobacrerares
R力Odobacrerares
RわOdobacrerares
R力Odobacrerares
RわOdobacrerares
R力Odobacrera′es
R力odobacrerares
RhocメObacrerares
R力Odobacrerares
R170CメObacrerares
RhOdobacrerares
R力Odobacrerares
R力Odobacrerares
RわodObacrerares
R力Odoわacrera′es
RわOdobacrerares
RわOdoわacrerares
R170dObacrerares
RわOdobacrerares
R力Odobacrerares
RわOdobacrerares
RわOdospinilares
Rわodospi薔:lares
RわOdospiri:lares
RわOdoOρi百llares
Rわodospirillares
RわOdospi百llares
RわOdospi百:lares
RわOdospi“Ilares
RわOd00ρi薔llares
RわOcゾospFrillrares
Rh′zOわFaceae
Rわ′zOわねceae
Rわ′zobねceae
Rわ′zOわFaceae
RわOdoわ′aceae
RわodObacreraceae
RわOdobacreraceae
R力Odobacreraceae
RわOdoわacreraceaθ
RわOdobacreraceae
RhOdobacreraceae
R力odobacreraceaθ
RわOdobacreraceae
R力Odobacreraceae
Rわodoわacreraceaθ
RわOdobacreraceae
Rわodobacreraceae
R力odobacreraceae
RわOdobacreraceae
Rわodoわacreraceae
R170dObacreraceae
Rわodoわacreraceae
R力Odoわacreraceae
R力Odoわacreraceae
R力Odobacreraceae
Rわodobacreraceae
Rわodobacreraceae
R力Odobacreraceae
R力odobacreraceae
R170dOわacreraceae
ハcerObacreraceae
ハcerObacreraceae
AcerObacreraceae
スcerObacreraceae
スcerObacreraceae
スcerOゎacreraceae
スcerObacreraceae
スcerObacreraceae
スcerObacreraceae
Aceわbacreraceae
C/7erarObacrer
EβsiFer
Rわ′zob′υ"Srino清′abium
R力Odob′υm
ハわrensra
ハカrer7S′a
ハ/ηarrcοcυs
ス″rarcrOゎacrer
Hirsc力′a
Hypわ0“0″as
Marica」ris
Merbyrarcara
ocradecabacrer
Paracoccυs
RわOdoわacrer
R力odoめarassiυ用
Rわodoyυrum
Roseカルm
Rose′narro170bacrer
Roseryryaχ
Roseobacrer
RoseO1/arfys
Rυbrimor7aS
Rυegerra
Sagttara
S,I'cfbacrer
srappね
Sυ〃■obacrer
SυrFiloわacrer
スCidilD力fililJ“
スcidispわaera
スcidocerra
/1saね
G′υcο″acerobacrer
CノυcOηOわaCrer
CノllcOηbaCrer
Paracraυrocοccυs
RわOdop′′a
RoseOcocctrS
cヵerafObacわr
ers″br
油
"わ
ル
“slnο油′zοわ′υ
“訪Odob′um
a力rens′a
a力rensra
amarrcoccυs
anfarcroわacrer
力i、cわ′a
力ypわ0“Oηas
marrcaJris
mettyrarctrra
οcradecabacrer
paracoccυs
油Odobacrer
肋odOめarassIJ“
油odoyυル用
rose′bium
roseri9afroroわacrer
rOSeA″yaX
roseobacrer
roseο1/aJ7υS
ryb″″οηas
rυegera
sag′″υra
srilicibacrer
sfaρρね
strrFilobacrer
sυ〃■obacrer
acFdiρわ″′υm
acidisp力aera
acidoce〃a
asara
e″fわromοηas
g′″co17οbacrer
gノυco17aCerOゎacrer
ρaracraυococcυs
油οcrορ〃a
roseocOccυs
B16
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PrOreοbacreria
PrOreοbacreria
PrOreObacreri3
PrOreοbacreria
PrOreObacreria
PrOreοゎacreria
PrOreοbacreria
PrOreObacreria
PrOreοゎacreria
PrOreοゎacreria
PrOreοゎacreria
PrOreοbacゎria
PrOreοbacreria
PrOreοbacreria
PrOreObacreria
PrOreοゎacreria
Profeοわacreria
PrOreObacreria
PrOreοbacreria
PrOreοbacreria
PrOreοbacreria
PrOreObacreria
PrOreοゎacreria
PrOreοbacreria
PrOreοbacreri3
PrOreοゎacreria
PrOreοゎacreria
PrOreοbacreria
PrOreοゎacreria
PrOreοbacreria
PrOreOゎacreria
PrOreObacreri3
PrOreοゎacreria
PrOreοbacreria
PrOreοbacゎria
PrOreObacreri3
PrOreοゎacreria
PrOreObacreria
PrOreοbacreria
PrOreοbacreria
スrpゎaprOreοゎacreria
ハ/pわaprore。ゎacreria
スrpゎaprOreοゎacreria
ArpゎaprOreοbacreria
スrpゎaρrOreοゎacゎria
スrpゎaρrOreοbacreria
ス/pわaproreοゎacreria
スrpゎaρrOreοゎacゎria
ス/pわaproreοゎacreria
ハ/pわ〔proreοbacreria
ハrpゎaρrofeobacreria
ハrpヵaρrOreοbacreria
ハrpヵaρrOreοbacreri3
スrpヵaprOreοbacreria
ハ/pわaproreοbacreria
ハrpゎaprOreObacreria
ハrpゎaprOreοゎacreria
ハrpヵaprOreObacreria
ス/phaproreοゎacreria
ハrpゎaprOfeοわacreria
ハrpゎaprOreοゎacゎria
ハrpゎaprOreOゎacreria
ハ/pわaρroreObacre″a
ハrpゎaprOゎοわacreria
スrpゎaprOreοbacゎri3
スrpヵaprOreObacゎria
ハrpヵaprOreObacreria
スrpゎaρrOreοbacreria
ハrpゎaprOreοゎacreria
ハrpヵaprOreοゎacreria
BeraprOreοbacreria
BeraprOreοゎacreria
BeraprOreοbacreria
BeraprOreοゎacreria
BeraprOreObacreria
BeraprOreοゎacreria
BeraprOreοゎacreri3
3eraprOfeοbacreria
BeraprOreObacreria
BeraprOreοゎacreria
RわOdospiri:lares
R力Oσospirillares
Rわodospirillares
R力Odospi百11ares
RわOdospirillares
R170dOSpi百llares
RわodospFrilrares
RわOdospinllares
RわOσOspririlrares
RわOdospiHIlares
Rわodospi百11ares
RわOdospi百11ares
Rわodospi“I ares
RFcんFsiares
R′cた朦 ares
R cke“sFares
RickeFsiares
RI熱Fsrares
RI“騰iares
Ricke“sFares
R′c綺固 ares
R′cttFsiares
RickeFsiares
Spわgomo月adares
Sp力わgO層o月adares
SpわgomOnadares
Sp力ringomonadares
Spわgomo月adares
SpわgOttOηadareS
SpわilogomOnadares
B″法わOrderiares
Bυ法わorderiares
Bυ威わorderiares
Bυ法わOrderiares
Bυ法わorderiares
BL7法わo/deriares
3υ法わorderiares
Bυ法わo/deriares
Bυ法わ0/deriares
347法わOrderiares
ハcerObacreriaceae
ハcerObacreriaceae
Rわodospirillaceae
Rhodospirillaceae
RわOdospirillaceae
R170dOoρirillaceae
RわOdosρririllraceae
Rわod00ρririllraceae
RわOd00ρririllraceae
RhOdospi"llaceae
RhOdospiri:laceae
Rhodospi百11aceae
Rhodospi百11aceae
Ar7aρrasmaraceae
ハηaρrasmaraceae
Ar7aρraSmaねceae
ハηaprasmaraceae
ハnaρrasmaraceae
スηaprasmaraceae
Cerera ttce″ae sedis
HoノOsporaceae
RickeFsI,aceae
RノckeFsiaceaθ
Spわringomοηadaceae
Sp力Fηgomor7adaceae
Spわ′ηgο
“
οnadaceae
Sp力′ηgO“Or7adaCeae
Spわgο
“
οηadaceaθ
Sp力′ngοmo月adaceae
Spわgomonadaceae
ハrcarigeraCeae
Arcarigenaceae
ハノcari≦ンe′っaceae
ス/carigenaCeae
ハたa e々raceae
Bυ威わ0/deriaceae
Bυ法わOrderiaceac
Bυ法わorderiacθae
Bυ法わOrderiaceae
3υ法力Orderiaceae
ハcerObacrer
CraυrocOccaS
ハzospririlrum
ハzospi‖llum
Magnerosρinllum
Magηerospi●llum
Phaeospinllum
R力Odoc′sra
勲 Odosp施
R力odospirillum
勲 0めyibri9
Roseospi穐
Ske″ηane〃a
ハegyprianerra
ハηaρrasma
Cowdria
Eわ〃′cわね
rveο
"ckeFsia四οrbacヵ′a
Caedibacrer
HOrOspοra
Orientia
Rノ0 e々rrsia
BrasrOmοηas
E″力robacrer
こ
…
rOmο″as
Porpわyroわacわr
Sarldaracわοbacrer
Sp力わgOttOηaS
Zymomonas
スcわromοbacrer
スrcarigeβes
Bordererra
Sυ″ererra
rayrOrerra
BII威わorderia
Bυ法力orde″a
CttriayiJ“
Laυfropね
Par7dOraea
acerObacrer
craυrococcuS
azosρfirfrrum
azospirillum
magrerosp″υ孵
magnefospFrrilum
pedOr7rCrObium
清Odoc′sra
肋0めspた
油Odospinilum
肋0め1/ibrio
roseosprra
skermarle′′a
aegypria″e〃a
araρ′asma
cowdrra
e力〃icわね
reorrckeFsia
И/οrbacr7′a
caedibacrer
′,0ノ00ρOra
orrer7fia
"cる
Isf,a
brasrOmο17as
erfbydrobacrer
eり″力rOmFcЮわルm
ρorpbyroわacrer
sardaracrr7ρわaCrer
spわ′ngomonas
zymοttο″as
acわromοbacrer
arcarigeηes
bordereノ′a
sυ″ererra
rayrOrerra
bυ比わ0/deria
cttrfayrdus
raυfrOpね
ρa17dOttea
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PrOreοbacreria
PrOreοbacreria
PrOreοbacreria
PrOreοbacreria
PrOreObacreria
PrOreOゎacreria
PrOreοbacreria
PrOreοゎacreria
PrOreοbacreria
PrOreοbacreri9
PrOreοbacreria
PrOreοbacreria
Profeobacreria
PrOreObacreria
PrOreObacreria
PrOreObacreria
PrOreObacreria
PrOreObacreria
PrOreObacゎri
PrOreοbacゎria
PrOreοbacreria
Profeοわacreria
Profeoわacreria
PrOroοbacreria
PrOreοゎacreria
PrOreοbacreria
PrOreοゎacreria
PrOreοbacreria
PrOreοゎacreria
PrOreObacreria
PrOreObacreria
PrOreObacreria
PrOreοゎacreria
PrOreοゎacreria
PrOreObacreria
ProfeOわac″a
PrOreObacreria
PrOreObacreria
PrOreοbacreria
PrOreοbacゎria
BeraprOfeοわacreria
BeraρrOreObacreria
BeraprOreObacreria
BeraprOreοゎacreria
BeraρrOreObacreria
BeraprOreοゎacreria
BeraprOreObacreria
BeraprOreObacreria
BeraprOreObacreria
BeraprOfeοbacわria
Beねρroreοわacreria
BeraprOゎοゎacreria
BeraρrOゎοゎacreria
BeraprOreοbacreria
BeraprOfeοわacreria
BeraprOfeObacreria
BeraprOfeObacreria
BeraρrOreοbacreria
BeraprOreοbacゎria
BeraprOreοゎacゎria
BeraprOreοゎacreria
BeraprOreObacreria
BeraprOreοゎacreria
BeraprOreοゎacreria
BeraprOreοゎacゎria
BeraprOゎObacre″a
BeraprOreοゎacゎria
BeraprOreObacreria
BeraprOreOゎacferia
Beねρroわοbacわria
BeraprOreObacreria
BeraprOreObacreria
BeraprOreοゎacreria
BeraprOreοゎacreria
BeraprOreοbacreria
BeraprOfeοbacreria
BeraprOfeοbacreria
BeraprOreοbacゎria
BeraprOreοbacゎria
BeraprOreοbacreria
Bυ慮わorderiares
Bυ法わOrderiares
BLf汝わOrderiares
Bυ法わ0/deriares
Bυ法わOrderiares
BJ法わorderiares
Bυrk/70/deriares
BJ慮力0′deriares
Bυ法わorderiares
Bυ法わOrderiares
Bυ汝力orderiares
Bυ法わOrderiares
Bυ法力Orderiares
Bυ慮わorderiares
Bυ慮わorderiares
Bυ慮わo/deriares
Bυ威わorderiares
Bυ法わorcreriares
Bυ威わorde″ares
Bυ法わOrderiares
Bυ秋わOrderiares
3J法わo/deriares
3υ法わ0′deriares
BJ法わOrderiares
Bυ慮わOrderiares
HydrogenOρわ′ares
Hydrogeηορわ′ares
Meめy/opわねres
MerhyIOρゎねres
AreFsseriares
AreFsseriares
rve′sserrares
IVersse″ares
Nersserf,ares
IVeFsseriares
/Vilrosomoηadares
ArilrosOmOnadares
Arilrosο
“
οttadares
N″ЮSO′770′7adareS
Nilrosο
“
οηadareS
BυttOrderiaceae
BυttOrderiaceae
Bυ威わorderiaceae
Comamοradaceae
Comamοradaceae
CO″7′ηamOβadaceae
Comamonadaceaθ
Comamοηadaceae
Comamor7adaCeae
Comamo17adaceae
Cοmamοttadaceae
Ce″era′ce“ae sedis
Cer7era′Cerfae sedお
Cettera rce“ae sedis
Cenera′ce″ae sedis
Cerera′cettae sedis
Cerera rce“ae sedis
Cettera′ce″ae sedis
Cerera′ceだae sedis
Genera rcerfae sedis
Oxa′Obacreraceae
Oxa′οわacreraceae
OxaノObacreraceae
Oxa′Obacreraceae
Pisc′rickeFsfaceae
HydrogenOρわ〃aceae
Hydroger70ρわ′aceae
νerbyrOpわlilaceae
νeめy/opわねceae
rversserraceae
Arersserfaceaθ
Are′sserfaceae
Arersserraceae
rve′sserfaceaθ
rversserraceae
carri9ηe〃aceae
carri9″erraceae
N″ЮsomOηadaceae
rvilrOsο
“
οηadaCeae
rvilrOsο
“
οηadaCeae
POry/7υCreOゎacrer
RarsfOnね
丁わe″ηO拗″x
ハcidoyorax
Brac、monas
CO″7′ηamOras
Hydrogenορわaga
Macromonas
POrarOmO17as
RわOdoFeraχ
yari91/orax
ハ9υabacreri1/m
■eprOめ放
Roseareres
R1/brivi1/ax
Sρわaerorilys
Sρわaerorilys
Tepidimoras
Th′0“Oηas
X/10pr7〃υS
DIJgane〃a
Herbaspirillum
Mass〃′a
Oxaノ0わacrer
o e々rra
Hydroger7oρ力ilus
TわノObacilllys
Merhy/Obaci1/ys
MerbyrOpr7″IIS
スrysierra
Fom′vibri9
Are′sserra
S′mοnsメe〃a
νttreοscrilra
Vogese〃a
carri9″erra
Caノ′O17erra
N″ЮsO′0わυs
ArilrosοttβaS
N″ЮSO1770naS
ροrynIIc′θOわacrer
rarsrOηね
めermοめ″x
aci」oyorax
brachttοras
coma“οβas
hydroger70ρわaga
macro′ηο″as
ρOノaro′ηοηas
清odoFerax
1/arrOyoraχ
a9υabacreriLrm
′θρわめ″x
roseareres
rabrryivax
sp力aerorilys
repidimOρas
fわ′omOnas
X/′Oρ力′υS
dugare〃a
わerbaspinllum
massilia
οxarObacrer
Origerra
わyd“oge170ρ力:luS
rカメ0わac″′tls
merhyrObac〃′yS
mefbylop力illus
arysゎJ/a
わ佃 ′yibri9
r7ersserra
simonsFe〃a
1/ilreoscilra
yogeserra
′
ga〃′Oηe〃a
′
CO″7′ηυηIS
aesrtrarrr
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PrOreοbacreria
PrOreοゎacreria
PrOreObacreria
PrOreοゎacreria
PrOreObacreria
Profeοbacreria
PrOreοゎacreria
PrOreοbacreria
PrOreοbacreria
PrOreοbacre″a
PrOreοbacゎria
PrOreοゎacreria
PrOreοゎacreria
PrOreοゎacreria
PrOreοゎacreria
PrOreοbacreria
Proわοbacわri3
PrOreObacreria
PrOreοbacreria
PrOreοbacrera
PrOreοbacreria
PrOreοbacreria
PrOreοbacreria
PrOreObacre″
PrOreObacreria
ProfeObacreria
PrOreοゎacreria
prOreοbacreria
PrOreοゎacreria
PrOreοゎacreria
PrOreοbacreri3
PrOreOゎacria
PrOreοゎacreria
PrOreObacreria
PrOreObacreria
PrOreοゎacreria
PrOreοbacreria
PrOreοゎacreria
PrOreObacreria
ProわObacreria
BeraprOreοゎacreria
BeraprOreοゎacreria
Befaproreοbacreria
BeraprOreοbacreria
BeraprOfeοbacreria
BeraprOreοゎacreria
BeraρrOreObacゎria
BeraprOreοゎacreria
BeraprOreοゎacreria
BeraprOreοゎacreria
3eraprOreοゎacreria
BeraprOreοbacreria
BeraprOreObacreria
BeraprOfeοbacreria
BeraρrOreOゎacreria
BeraprOゎοゎacreria
BeraprOゎοゎacreria
BeraprOfeοbacわria
BeraprOゎοゎaCreria
BeraprOreοゎacreria
BeraprOreοbacreria
BeraprOゎObacreria
BeraprOreοゎacreria
BeraprOreοbacreria
BeraprOreοbacreria
BeraprOreObacreria
Beねρroreοわacreria
DerraprOreObacreria
DerraρrOreObacreria
DerfaprOfeοbacre″a
DelraprOreObacreria
DerraprOreObacreria
DerraprOreObacreria
DerraprOreοbacゎria
DerfaprOreοbacreria
DerraprOreοbacreria
DerraprOゎοbacreria
DerraρrOreObacreria
DerraprOreObacゎria
rvilrOsOmOr7adareS
IVilrosomoradares
IVilrosomonadares
ArilrosOmοr7adareS
IVilrosomοηadares
NilrosomOnadares
IVilrosomoradares
Arilrosοmοradares
IVilrosοmοnadares
IVilroso1770ηadares
N″ЮSO′770′7aてメ
`ヨ
res
NたЮsomO/7adareS
N″Юsottor7adareS
ArilrosOmο17adares
ArilrosOmοnadares
R力odocycrares
R170dOCycrares
RわOdocycrares
RわOdocycrares
R170dOCycrares
RわOdocycrares
R力Odocycrares
R170dOCycrares
R力odocycrares
RわOdocycrare,
RわOdocycrares
RわOdocycrares
3de〃οvilbrioβares
3de〃Ovibrionares
Desy/Farcares
DesurFobacrerares
DesurfObacrerares
DesurfObacrerares
DesurFobacrerares
DesurFobacrerares
DesurFoわacrerares
DesarFoわacrerares
DesurfObacrerares
DesurFobacrerares
N″ЮsOttOβadaceae
rvilrOsO“0月adaCeae
rvilrOsOmOnadaceae
rvilrOsOmOradaceae
ArilrosOmο″adaceae
vilrOsOmοηadaceae
ArilrosOmοnadaceae
rvilrOsο
“
οηadaCeae
rvilrOsοttOηadaceae
N″ЮsOttO″adaceae
ArilrosOmOr7adaCeae
ArilrosοttηadaCeae
rvilrOsοmοr7adaCeae
Arilrospiraceae
SpFrilraceae
Rhodocycraceae
R力Odocycraceae
RhOdocycraceae
RhOdocycraceae
RわOdocycraceae
Rhodocycraceae
Rhodocycraceae
Rhodocycraceae
Rhodocycraceae
Rhodocycraceae
Rhodocycraceae
RhodOcycraceae
Bde′′οyilbri9ηaceae
3de〃Oyilbri9月aceae
DesurFarcJraceae
DesυrFobacrer
Desυ〃bわacreraceae
DesυrFobacreraceae
DesyrFobacreraceae
DesυrfObacreraceae
DesarfObacrettceae
DesυrfObacreraceae
Desυ〃bわacreraceae
Desυ〃bわacreraceae
rvilrOsο
“
οnaS
IVilrosomOηas
IVilrosomonas
IVilrosomor7aS
NilrosοttOnaS
Arilrosο用0月aS
N″Юsomor7as
Arilrosο
“
οnas
lvirrOsο用0月aS
Arilrospね
Arilrospね
/Vilrospね
Sp脚開
Nilrosοmonas
Sp′rilrυm
ハzοarcυs
ハzοηextrs
ハzospFra
ハzo1/ibrio
Ferribacreriv孵
Propわ月 acrer
Rわodocyc/Js
RわOσOcycrys
Thaυera
zοοgrOea
zοogrOea
Zοοg/oea
3acre″οyoraχ
Bde〃οvilbrio
DesυrFarculus
DesurfOFaba
DesyrFobacrer
DesurFobacrenum
Desy/fobacura
DesυrFoce″a
DesarfOcOcctIS
DesurfOfrigυs
DesurfO月ema
DesurFosarcrna
earopaea
οl●OfrOpわa
わa′ορわ′a
nttЮsa
c"rOrerans
υreae
W
/7′r/OSOmο/7aS
J77arr17a
Sp
“
OSCOyreηS′s
sp.
sptttlm
azοarcus
azοttexυs
azosprra
azoyibri9
Ferribacreri1/m
propわ月 acrer
油Odocyc/ys
油Odocycrt/s
的aυera
zοοgrOea
ra解Oeraf
ramOera2
bacreri91/orax
ゎderrOvibri9
desurFoarcυノυs
desurfOFaba
desurFobacrer
desurFobacrettum
desurFobacJra
desurfOce″a
desurfOcOccus
desurfOttgυs
desurfOnema
desurfOsarcrr7a
desarFospiraDerraprOreObacferia     DesarFoわacrerar      DesυfObacreraceae        Desy/fospルa
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PrOreοbacreria
PrOreοbacferia
PrOreοbacreria
PrOreοゎacreria
Profeobacreria
PrOreοbacreria
PrOreοゎacreria
PrOreοbacreria
PrOreοbacreria
PrOreοゎacゎria
PrOreοゎacreria
Proわobacreria
PrOreObacreria
PrOreOゎacreria
PrOreOゎacreria
PrOreObacreria
PrOreοbacreria
PrOreοゎacreria
PrOreοゎacreria
PrOreObacreria
PrOreObacreria
PrOreοbacreria
PrOreοbacreria
PrOreοゎacreria
PrOreοbacreria
PrOreοbacreria
PrOreOゎacreria
PrOreοゎacreria
PrOreObacFeria
PrOreObacreria
PrOreObacreria
PrOreObacreria
PrOreObacreria
PrOreοゎacreria
PrOreObacreria
PrOreοゎacreria
PrOreObacreria
PrOreοbacreria
PrOreοbacゎria
PrOreοゎacreria
DerraρrOfeοわacreria
DerraprOreοゎacreria
DerraprOreοゎacゎria
DerraprOreObacreria
DerraρrOfeοbacre″a
DerfaprOreοbacreria
DerraprOreOゎacreria
DerraprOreοゎacreria
DerraprOreοゎacreria
DerraρrOreOゎacreria
DerraprOreοbacreria
DerraprOreοbacreria
DerraprOreοゎacreria
DerraprOゎObacreria
DerfaprOfeObacreria
DerraprOreοゎacreria
DerraprOreοゎacreria
DerraprOreοゎacreria
DerraprOfeοわacreria
DerfaρrOreοbacreria
DerraprOreοゎacreria
DerraprOreοゎacreria
DerraprOreObacreria
DerraprOreοゎacreria
DerraρrOゎοbacreria
DerraprOreOゎacreria
DerraprOreοゎacゎria
DerraprOreObacreria
DerraprOreObacre″a
DerraprOreObacreria
DerraprOreObacreria
DerraρrOreObacreria
De″aρroreobacreria
DerraprOreοゎacreria
DerfaprOreObacreria
DerraprOreοゎacreria
DerraprOreοゎacreria
DerraprOreοbacゎria
DerraprOreObacreria
DerraρrOゎοゎacferia
DesurFobacrerares
Desy/Fobacrerares
DesυrfObaorerares
Desυ〃bわacreraノes
Desy/fobacrerares
DesurfObacrerares
Desy/fobacrerares
DesurFobacrerares
DesurfObacrerares
Desy/fobacrerares
DesurFoわacrerares
DesurFoわacrerares
DesυrFobacrerares
Desυ〃bわacrerares
DesυrfObacrerares
DestrrFoわacrerares
DesyrFobacrerares
DesυrFobacrerares
DestrrFoわacrerares
DesurFobacrerares
Desy/fobacrerares
DesurFobacrerares
DesurFobacわrares
Desy/fomοηares
Desy/FottO″areS
Desy/fomonares
Desy/Fomoηares
Desy/fomοttares
DesyrfOmοrares
DesυrFomo17areS
Des′rFomOηares
DesurFomOttares
DesurFomor7areS
Desy/fomοβares
DesurFomOЛares
Desy/FottOηareS
Desy/fomοnares
DesurFoyibri9r7areS
DesυrfOyibri9ηares
Desy/fovibri9ηares
Desy/fobacreriaceae
DesurfObacreFiaCeae
Desυ〃bbacreriaceae
DesυrfObacreriaceae
DesurfObacreriaceae
De urfOゎacreriaceae
Desy/fobacreriaceae
Desυ〃bわacreriaceae
Desy/Foby/baceaθ
Desy/FobJ/baceae
Desy/Foわurbaceae
Desυ〃bわurbaceae
DesυrfOゎJrbaceae
DestrrFobarbaceae
Desυ″bbyrbaceae
DesyrFoburbaceae
De urfOゎJrbaceae
DesυrfObarbaceae
Desy/Foburbaceae
DesurfObJrbaceae
Desy/foby/baceae
DesyrFobJ/baceae
rvilrOsp′raceae
DesyrFomOηaceae
DesυrFomoraceae
DesυrFaromOηadaceae
DesυrfarOmοηadaceae
DesυrFuromOηadaceae
DesυrfarOmOr7adaceae
Desυ〃レromοnadaceae
DestrrfJrOmοЛadaceae
Desυ〃レromor7adaCeae
DesyrfarOmοnadaceae
DesyrFJromOηadaceae
Ceobacreriaceae
Ceoわacreriaceae
PeノObacreraceae
Desy/foわarOゎねceae
Desy/foわaroゎねceae
Desy/foわaノ0わねceae
DesyrfObacrer
DesurFobacrer
DesyrFobacrer
Desυ″bわacrer
DesurFoわOtulus
DesurFococcυS
DesυrFococcυS
DesurfOsarcrna
DesarFobJ/bυs
Desy/foby/blls
DesyrFoburbυs
DesυrfObyrbυs
Desυ〃bわJ/bυs
Desy/focapsa
DesurfOcaρsa
DestrrFoルsris
DesIJ/foFysrFs
DeslrrfOttορa′ys
Desy/forr70ρa yS
DesurForbOρaルs
Desy/Forarea
DesyrForarea
淑 ssprina
DesurFyromOnas
PerObacrer
Desυ″レromo17as
Desυ〃レromusa
Desυ〃レromoηas
D sυ〃レromυsa
DesyrFaromOηas
Desυ〃レromυsa
Desυ″レromοηas
Desυttromo17as
Desυ〃レrottοηas
Ceobacrer
Trich/orobacrer
MarOnοttηaS
DesJrFoわar bil」m
DesurFo力arobルm
DesJ/Fomοηas
4
3
′
2
イrbねcυrtrsJ
2
′
2
イ
3
desyrfObyrbas
3
desurfOcaρsa
desurFofysfis
desurfOttορa′υs
3
2
′
2
η″Юspわa
desυ″レromοr7aS
ρe/obacrer
′
′
2
2
3
3
イ
5
6
geobacrer
t●cわノOroわacrer
′77aノο′70′770′7aS
desurFoわaノObノυm
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P力yfym        Crass           order           Fam′ry             ce″″s     Specis
PrOreοbacreria
PrOreοゎacreria
Profeοわacreria
PrOreObacreria
PrOreοゎacreria
Profeobacreria
PrOreοゎacreria
PrOreοゎacreria
PrOreοbacreria
PrOreοbacreria
PrOreοbacreria
PrOreοゎacreria
PrOreοbacreria
Proわοbacreria
Proわο acreria
PrOreOゎacreria
PrOreοbacreria
PrOreοbacreria
PrOreοゎacreria
PrOreObacrera
PrOreObacreria
Profeοわacreria
PrOreοbacreria
Profeobacreria
PrOreοゎacreri3
PrOreοbacreri3
Proわο acreria
PrOreοゎacreria
PrOreοゎacreria
PrOreοbacreria
PrOreObacreria
PrOreοゎacreria
Proわ0わacreria
PrOreοbacreria
PrOreοゎacreria
PrOreοゎacreria
PrOreοbacreria
PrOreοbacreria
Proわoわacreria
PrOreοbacゎria
DerraprOreOゎacreria
DerraprOreοゎacreria
DerraprOfeobacreria
DerraρrOreObacreria
DerfaprOreObacreria
DerfaprOreοゎacreria
DerraprOreοゎacreria
DerraprOreοゎacreria
DerraρrOreοbacreria
DerraprOreοbacreria
DerraprOreοゎacreria
DerfaprOreObacreria
De′raρrOreοbacreria
De′raρrOreοbacreria
DerraprOreObacreria
DerfaprOreοbacreria
DerraprOreOゎacreria
DerraprOreObacreria
DerraprOreObacゎia
DerraprOreOゎacreria
DerraprOreοゎacreria
DerraρrOreObacreria
DerraprOreοゎacreria
DerraprOreοゎacreria
DerraprOreοゎacreria
DerraprOreοゎacreria
DerraρrOfeοわacreria
DerraprOreοゎacreria
DerraprOreοbacreria
DerraprOrepbacreria
DerraprOreοゎacreria
DerraprOreοゎacreria
DerraρrOreοゎacreria
DerraprOreοゎacreria
DerraprOfeObacreria
DerraprOreοbacreria
DerraprOreοゎacreria
DerraprOreοbacreria
DerraprOreobacreria
DerraprOreOゎacreria
DesyrFoyib″r7areS
Desy/fovibrionares
DesurfOvibrio17areS
DesυrfOyibri9月ares
DesυrfOvibriDηares
Desy/foyibri9′ares
Desy/fovibrionares
DesarFoyibriorares
DesurfOyibrioβares
Desυ/Fo1/ibri9ηares
DesarfOyibri9,ares
Desy/Foyibri9月ares
Desy/fo′わriorares
DesurFoyibri9月ares
DesυrfOyibri9月ares
DesυrfOvibrior7areS
DesurFovibrionares
DesυrFoyibri9月ares
DesυrFovibri9ηares
DesLrrfOVibriOnares
DesyrfOvibrionares
DesurFovibrioηares
DesurFyrerrares
Desu′ルrerrares
Dest′ノ′Lノrerrares
Desυ〃レromOnadares
Desυ〃レromοnadares
DesυノカromOηacrares
DesurfurOmοηadares
Desurpヵοvibrioηares
い COCCares
ν
"(ο
COCCares
Myxococcares
νン(OCοCCares
Myxococcaノes
昨 οCοCCares
Myxοοccares
MyxOcocca′es
MyxocOccares
Synfrop力bacrerares
DesurfOヵarOゎねceae
DesυrFoわaノ0わ′aceae
DesurFoわarobねceae
DesurfOr7arOわねceae
Desυ″bわa′ob′aceae
DesυrFoわaノ0わ′aceae
DesυrFoηブcЮわノaceaθ
DesυrFom′cЮわたceae
DesurfOmたr bねceae
DesurfOmたr わたceae
Desy/fonarrOr7υmaCeae
Desy/foηarrOηυmaceae
DesurFovibri9月aceae
DesurfOvibri9月aceae
DesurfO1/ibrroβaceae
Destl〃byibri9r7aCeae
DesυrFovibri9ηaceae
DesurfOyibri9/1aceae
DesyrfOvibri9,aceae
DestlrfOvibri9naceae
DesυrfOyibri9月aceae
DesυrFovibri9naceae
Desυ〃レrerraceae
Desυ〃レre〃aceae
Desυ〃レrerraceae
Desy/foby/baceae
Desy/fobJ/baceae
DesurfOmOr7aCeae
DesurFomonaceae
DesυrfOvibri9r7aCeae
Cysfobacreraceae
Cysfobacreriaceae
Cysfobacreriaceae
cysrObacreriaceae
Cysfobacreriaceaθ
MyxocOccaceae
rvanOcysraceae
POryar7giaCeae
Pοrya″giaceae
Sy77rrOpわaceae
DesυrFomOnas
Desy/fomonas
DesurfOnafronοvibriο
DesurFoyib″0
DesurFoyib″ο
DesurFovibriD
DesurFOr7たrOわた″η
DesυrfOmたrObル解
DesurFo鯛たrobium
DesurfOmたr bium
Desy/For7arrOnυ
“Desy/forarrOnum
B′′Oρ力′a
Billop力′ra
DesyrFoyibri9
DesurfOyibri9
Desυ″byibrio
DesurFoyib″0
Desy/foyibri9
DesarfOvibriD
DesurfO1/ibri9
Lawsor7′a
DesyrFare〃
DesyrFurerra
HilDpea
DesυrFocaρsa
DesurfOcaρsa
DesυrFuromO″as
DesυrFaromOnas
LaNso月′a
Cysfobacrer
スβgi9coccυs
スrc力angium
MeriFaηgilJm
Sttmarerla
Myxococcrls
rva″ηοcysris
Cわ0/7drOmyces
POryangil」m
DestrrfObacca
desurfOmοβas
desyfFor7arrOnOyibrfo
′
2
3
aρSr7erOηυm
ηοvegrcυ
“desurFo′ηicroわたノ′η
desurForarrOntlm
わ′Oρ力″a
waおwo崩ね
7
イ
2
′
5
6
“
syrFovibri9
rawsO月′a
desJ/furerra
力riOpea
′
2
cヵrOrOetta月たa
acerOxidatts
′ηfracerryraris
cysfobacrer
arlgrococcυS
archangil」m
鯛eliおr7g′υ″
Sttmarerla
myxococc″s
″a″″Ocysris
c力o月dromyces
ρOryargiυm
desy/fobacca
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P力yfrm         C′ass            Order           Fam′′y        Ce″″s         Species
PrOreοゎacreria
PrOreοbacreria
PrOreOゎacreria
ProfeObacreria
Profeobacreria
PrOreObacreria
PrOreObacreria
PrOreοゎacreria
PrOreοbacreria
PrOreοbacゎria
PrOreοゎacreria
PrOreοbacreria
PrOreObacreria
PrOreοゎacreria
PrOreοゎacreria
PrOreObacreria
PrOreOゎacreria
Profeοわacreria
PrOreObacreria
PrOreObacreria
PrOreοbacreria
PrOreObacreria
PrOreοbacreria
PrOreObacreria
PrOreοbacreria
Profeobacreria
PrOreοゎacreria
PrOreοbacreria
PrOreObacferia
PrOreObacre″
PrOreοbacreria
PrOreOゎacreria
PrOreοゎacreria
PrOreοゎacreria
Profeobacreria
PrOreοゎacreria
PrOreοbacre″a
Profeobacreria
PrOreοbacreria
PrOreObacreria
DerraprOfeObacreria
DerraprOreObacreria
DerraρrOゎObacreria
DerraprOreοbacreria
DerraprOreobacreria
DerraprOreObacreria
DerfaprOfeοbacreria
DerfaprOreοゎacreria
DerraprOreοbacゎria
DerfaprOreοbacreria
DerraprOreοゎacreria
DerraρrOreObacreria
DerraρrOreObacreria
Epsiloηρroreοわacreria
Epsわ月ρroreοゎacreria
Epsilonproreοbac ria
Epsilor7prOreοゎac ria
FpsわηρroreObacreria
Epsilor7prOfeObacreria
Epsわηρroreοゎacreria
EpSわr7prOreοbacreria
Epsわηρroreοbacreria
Fpsわηρroreοbacreria
Epsわ″ρrofeοわacわria
Epsわηρrofeobacreria
Cammaproreοbacreria
CaηlmaproreObacreria
Cammaproreοゎacr ria
Ca″7′ηaprofeοbacreria
Ca″7′ηaρroreοbacreria
Cammaρroreοbacreria
CammaρroreOゎacreria
Cammaproreοゎacreria
Cattmaproreοゎac ria
Cammaproreοゎacreria
Ca177maρrOreOわacreria
Caη7′ηaproわ0 acreria
Ca“maproreObacreri3
Cammaproreοbacreria
Ca″7′ηaproreobacreria
Synfropわοbacわrares
syprrOpわοbacrerares
syprrOpわοわacrerares
SynfropわObacわrares
syprrOp力οわacrerares
Synfropわοわacrerares
Syr7frOpわObacrerares
Synfropわοbacrerares
Syr7rrOpゎObacrerares
SyJ7frOpわObacrerares
Synfropわοわacrerares
Synfrop力οわacわrares
Synfropわοわacゎrares
Camρyrοわacrerares
Campylobacrerares
Campyloわacrerares
Camρyrobacrerares
C mpyrobacrerares
Campyloわcrerares
Camρyrοわacrerares
Campy/obacrerares
Campyrobacrerares
Ca177pyrObacrerares
Campyrobacrerares
C mpyrobacrerares
AcFdだわわわac′〃ares
ハeromor7adareS
ハeromoρadares
ハeromοr7adareS
スeromοηadares
ハeromo月adares
ハrrerOmOβadares
ハrferOmOnadares
ArrerOmοηadares
ハrferOmOradares
ハrrerOmοnadares
/1rrerOmοnadares
/t rerOmO月adares
スrrerOmοηadares
A ferOmO″adares
SyJ7frOpゎaceae
syprrOpわaceae
Synfropわaceae
Synfropわaceae
Synfrop力aceae
syprrOpわaceae
Syr7frOpヵaceae
Synfropわaceae
yprrOpわaceae
SyJ7frOpわ0わacreraceae
syprrOpわοbacreraceae
Synfropわοわacreraceae
Syr7frOpゎοわacreraceae
Campy/obacreraceaθ
Camρyrobacreraceae
Campyrobacreriaceae
HericObacreraceae
月e″cοbacreriaceae
月ericοゎacreriaceae
月e″cobacreriaceae
〃θ″cobacreriaceae
月e″cobacreriaceae
″e″cOわacreriaceae
″e″cObacre″aceae
月e″cobacreriaceae
スdd饉わわac〃ares
Aeromοηadaceae
スero′ηοηadaceae
Sυccrn′yibrionaceae
Sυccrr′yib″οηaceaθ
Syccinivibrioηaceae
ArrerOmOradaceae
ArrerO′η r7adaCeae
ハrrerO′ηοr7adaCeae
スrrerOmO月adaceae
/1rrerO′ηοnadaceae
/trrerOmO17adaCeae
スrrerOmοηadaceae
スrrerOmοβadaceae
ArrerOmOr7adaCeae
DθsurFomοηrile
DesυrFomOβ〃e
DesurFomOηわ
Desυ〃bmοη〃e
DesurfOmοηゎ
Desy/fomοη′le
DestlrfOmO17″e
Sm″わerra
Syr7rrOpわυs
DesyrFacrrυ177
DesurFottabdus
syprrOρヵοゎaCrer
The″ηοdesυrfottaゎdtrs
スrcobacrer
Campylobacrer
Deわarospi薔llu用
月e″cobacわr
Tわ′OJttum
四Orinerra
四Orinerra
助 rilre′′a
四οrinerra
協οri10erra
四〇ri19erra
協o/inerra
ハcidthわわacillrys
ハeromοnas
To′υmOηas
Rum′ηOわacrer
Sυccrn′mO″as
SycclnivibFiO
ハ/rerOmOttas
Coノweノ″a
Ferrf,moras
cracrecOra
rdiOЛraril●a
Maril●Obacrer
Marinobacre″υ用
νorilerra
PseυdoarrerOmοηas
sp.2
sp.3
sp.′
rieф′
rimttaris
Sp
desurFomOη″e
smたわerra
synfropわυs
desyrFacrntlm
σesy/for/7aわduS
synfrop力οbacrer
fわermοdesurFottabdυs
arcoわacrer
ca″ρyrobacrer
myrrlyOrans
わe′icοわacrer
力わyυI1/m
wOrinerra
wOrinerra
Ю /i9erra
wOrinerra
Ю ril●erra
Ю ri17erra
的 li19erra
acidilb′οわaci1/Js
aeromor7aS
fOrumοηas
rυm′ηοbacrer
SυCC′17imOnas
SυCC胴′1/ibrfo
arrerO′ηοηaS
coノwerria
Ferrimοras
gracrecOra
idiomarrpa
177arl170わacrer
marrnobacre″″m
morilerra
ρsetldOa″ero“οηas
B22
Pヵyrrm       crass         order         Fam′ケ           Ce″″S       Spec′∝
PrOreObacreria
PrOreοbacreria
PrOreοゎacreria
PrOreοbacreria
PrOreObacreria
PrOreοゎacreria
Proわ0わacreria
PrOreοbacreria
PrOreοbacゎri3
Profeοわacreria
Proわοacわri3
PrOreοゎacreria
PrOreοゎacreria
PrOreοbacre″a
PrOreοbacreria
PrOreObacreria
PrOreοbacreria
PrOreObacreria
PrOreοbacferia
PrOreοbacreria
PrOreοbacreria
PrOreοbacreria
Proわο acreria
PrOreοbacreria
PrOreObacreria
PrOreοゎacreria
Proわο acreria
PrOreObacreria
Profeobacreria
PrOreοゎacreria
PrOreObacreria
PrOreοゎacreria
PrOreοゎacreria
PrOreObacreria
PrOreοゎacreria
PrOreοゎacreria
Proわ0わacreri3
Proわο acreria
PrOreοゎacreria
Profeοbacreria
Cammaproreοbacreria
Ca″γηaρroreοゎacreria
CammaρroreObacreria
Cattmaprofeοわacわria
CattmaproreObacreria
Car7′ηaρroreοわacreria
Ca″7′ηaproreobacreria
Car7′ηaρroreObacreria
Cammaρroreοbacreria
Car7′ηaρroreοわacreri3
Cammaproreοゎacr ri12
Cammaproreοゎacreria
Cammaproreοゎacreria
Caη7′ηaproわοacreria
Cammaprofeοわacわria
Carγηaρroreοゎacreria
Carγηaρroreοbacreria
Car7′ηaproreobacゎria
Caη7′ηaproreObacreri3
Ca″7′ηaρroreοbacreria
Cammaρroreοbacreria
Caη7′ηaρroreobacreria
Ca″7′ηaρroreοbacreria
Ca“maproreoゎacreria
Cammaproreοbacreria
Cam′ηaρroreοbacreri3
CammaρroreObacreria
Cammaproreοbacreria
CattmaproreObacreria
Cam′ηaproreObacreria
Cammaρroreοbacreri3
Cammaproreοゎacr ria
Caη7′ηaρroreοわacreria
Ca“
“
aproreοゎacreria
Cammaprofeobacreria
CaJ77′ηaprofeOわacria
Car7′ηaρroreobacreria
Cammaρroreοbacreri3
Cammaρroreοbacreri3
ハrrerOmοηadares
ハ′rerOmοηadares
Cardioわacreriares
Cardi9bacreriares
Cわ omariares
Cr7rOmariares
C力romariares
Cr7rOmariares
C力romariares
Cr7rOmariares
C力romariares
C力romariares
C力romariares
Cわromariares
C力romariares
Cわromariares
Cわromariares
Cわromariares
Cわromariares
Cわromariares
Cわromariares
Cわromariares
C力romariares
Cわromariares
EηrerObacreriares
Enferobacreriares
Ebreroゎacreriaノes
E/7rerOゎacreri3/es
巨nf obacreriares
Eηrerobacre″a s
Ebrerobacゎri2res
Eηrerobacreriares
Enferobacreriares
EηrerObacreriares
Eη rOb creriares
巳nferobacreriares
Eηreroゎacreri3/eS
Ebreroゎacreriares
Ebrerobacreriares
ハrrerOmοr7adaCeae
PsychromOηadaceae
Cardi9bacreriaceae
Cardiobacreriaceae
C力romariaceae
Chromariaceae
Chromariaceae
Chromariaceae
Cわroma″ceae
C力romariaceae
Chromariaceae
Cわromariaceae
Cr7rOmariaceae
C力romariaceae
Chromariaceae
Chromariaceae
Chromariaceae
Chromariaceae
Ecrorわ′οttOdospFaceae
Ecわrわ′οttοdospiraceae
Ecrorわ′οttοdosptraceae
Ecrorわ′οttοdospiraceae
Ecわr/7メOttOdosp″aceae
rvilrOsOcOCCaCeae
Enferobacわriaceae
EJ7rerObacreriaceae
E「7rerOわacreriaceae
EηrerObacreriaceae
Enrerobacreriaceae
EηrerObacreriaceae
巨nわrobacre″aceae
Eηferobacre″ac ae
EbrerObacreriaceae
E"rerObacreriaceae
E/7ferObacreriaceae
Enferobacreriaceae
Enferobacre″eae
EηrerObacreriaceae
EηrerObacreriaceae
Sわewa17eノ′a
PsychromOηas
Cardiobacわrium
D′c力erObacrer
ハ〃oc力romaril」m
Cわromarivm
HarO“rOmatium
Lamprocysris
IVilrosοcοCCdS
PFeηηlg′a
Rhabdoc力romarilym
7わettOchromarivm
7わ′Oarka′′cοccυs
Th′Onaylcoccys
Thi9カa′Ocapsa
πゎゎramprOyum
T17′OttOdococcυs
Thbr力Odovibrio
スFわOdOttOηaS
Ecroめわ οdOsp′僣
EcroめiOttοdospね
Habttodosprira
乃わ油odospFra
N〃Юsococcυs
A/rerOcOccυS
ArsenOρわ ηυS
Breη″era
Bυcわnera
Bυdv′cra
EdwaκrsFerra
EηrerObacrer
Esc力errc力′a
圧しИ′nge〃a
Ha力ね
KIJyvera
■e″7′ηOrerra
■emわorerra
MoOaηe′la
Parfoea
s力ewa17e〃a
psyc力romOηas
bυd 1ゞ“
dicわe′οわacrer
a〃OCr7rOmarivm
cわromariv解
力arOCr7rOttariv膚
ramprOcySfis
βFrЮsocOccυs
pFen″igFa
油abdochromatium
的erttο(力romaril」m
fわ′οarka″cOccus
rヵ′0■a″cοccυs
的′ο力arocaρsa
拗ゎramprOyum
言わ′Ottodococcυs
めわめOdoyibri9
attOdomO/1as
ecrOrhゎ油Odosρルa
ecrOめゎ οdOspF燿
わaノOttOdosptra
めわめ0めspた
arrerOcOccs
arseηορわοβυS
beggiaroa
brer7nerra
bυc力月era
edwardsie/ra
aeroger7es
escわerrcわ′a
ewingerra
わaわね
kr」yyera
regi9月erra
re177ri90rerra
′770rga′7eノa
aggrOmeraηs
Ca″777aρrOreοゎacreria     EJ7わrObacreri3/es         E17農)rObacre″aceac             Phoro′ヵaゎさus              ρわOro力abdus
B23
P力yJ″m        Crass           Order           Fami`y             Cer″s          Specたs
PrOreοbacreria
PrOreοbacreria
PrOreObacゎri
Profeobacreria
PrOreObacreria
PrOreObacreria
PrOreοbacreria
PrOreOゎacreria
PrOreοbacreria
PrOreοbacreria
PrOreοゎacreria
PrOreοゎacreria
Profeobacreri3
PrOreοゎacreria
Profeοわacreria
PrOreOゎacreria
PrOreοゎacreria
Profeobacわri
PrOreοゎacreria
PrOreοbacreria
PrOreοbacreria
PrOreοbacreria
PrOreObacreria
PrOreObacreria
PrOreοbacreria
PrOreObacreria
PrOreObacreria
PrOreObacreria
PrOreοbacreria
PrOreοゎacreria
PrOreοbacreri3
Profeobacreria
PrOreοゎacreria
PrOreοゎacreria
PrOreObacreria
PrOreοbacゎria
PrOreοbacreria
Profeοbacreria
PrOreοゎacゎria
Profeοbacreria
Cammaproreοbacr rila
Car7′ηaproreοbacreria
Caη7′ηaproreoわacreria
Cammaproreοゎacreria
Car7′ηaproreοbacreria
CattmaproreOゎac ria
Cammaproreοゎacreria
Cammaρroreοゎacreria
Cattmaproreοゎac ri2
Canl′ηaproreobacreri3
Cammaρroreοゎacreria
CammaρroreObacゎria
Ca″7′ηaρroreοbacreria
Cammaρroreοbacreria
Ca孵用aρroreObacゎria
cammaprOfeοわacreria
Cammaρrofeobacreria
Cammaproreοbacreria
Car7′ηaproreοわacreria
Carγηaρroreοゎacreria
Cammaρroreοbacre″a
Cammaproreοbacre肩a
Ca″7′ηaρroreObacrerfa
Cammaρroreοbacreria
Cammaρroreοbacreria
Car7′ηaproreoわacreria
Ca″7′ηaρroreοわacreria
CammaρroreObacゎria
Ca″7′ηaρroreοわacreria
Caη7′ηaproreOわacreria
CammaproreObacreria
Cammaρroreοbacreria
Ca″7′ηaproreobacreria
Cammaρroreοbacreria
Ca用aproreObacreria
Cam′ηaρroreοゎacreria
Caη7′ηaproわοbacre″a
Ca″7′ηaρroreobacreria
Cammaproreοbacreria
Ca177′ηaproreOわacゎria
Er7rerOゎacreriares
E"ferobacreriares
巨nferobacreriares
E"reroゎacreriares
Enrerobacreriares
EηrerObacreriares
Enferobacreriares
巨nferobacreriares
ムegione〃ares
Legわre/rares
Legi9rerrares
』″eめy/ococcares
νetty′ococcares
νettyrococcares
νeめy/ococca′eS
MerbyrOcOccares
νetty′oooccares
Ocearοsρi百11ares
Oceanospintlares
Oceanοspi"Ilares
Oceattοspi百11ares
OceanOspi"llares
Oceanospi″Ilares
Oceaηospi百llares
Oceaηοspl織lares
Ocearospi百llares
OceaηOspintlares
Pasreurerrares
Pasfetlrerrares
Pasretrrerrares
Pasreurerrares
Pasfeurerrares
PseυdomOηadares
Pset′(メomοηadares
PseυdοttοηadareS
Psetldo1770″adares
PsetldomOηadares
Pseυdοmοr7adares
PSetノCメ0′770′7a(メそ】ノes
Pset′cメο′770′7adareS
E「7rerOわacゎriaceae
Enferobacreriaceae
Fr7rerObacreriaceae
Eηわrobacわriaceae
EηrerObacreriaceae
EηrerObacreriaceae
fr7rerObacreriaceae
EηrerObacreriaceae
Cοxiellaceae
Coxierraceae
Legi9月erraceae
Merゎy/OcOccaceae
νerゎy′OcOccaceae
νefわy/ocOccaceae
MerヵyrOcOccaceae
MerbyrOcOccaceae
Л″eめyrococcaceae
ハrca月′yOraceae
ハrcaη′yOraceae
Ha′OmOηaaceae
HaノOttOηadaCeae
Haノ0′770′7adaCeae′
Ocea170spi"llaceae
OCear70Spi百11aceae
Ocθaηοspi"Ilaceae
Oceaηοspi百llaceae
Ocea17ospF″′aceae
Pasreurerraceae
Pasreurerraceae
PasreJrer′aceae
PasreJre′′aceae
Pasreare′′ ceae
Л″oraxe″aceae
Л″oraxe″aceae
Moraxθ〃aceae
Moraxe″aceae
Moraxerraceae
Pseυdomo/1adaceae
PseυdomOnadaceaθ
Pseυdο
"ο
J7adaCeae
P′es′οttοηaS
Profeυs
Proyidenc′a
sarmonerra
Ta"merra
TrabυISe〃a
断ggres″οだゎね
Xe17o清abきus
Coxierra
R′0 e々“s′θ〃a
ιegi9″e〃a
νθめy/obacrer
施 詢y/oca〃EIm
νeめy/ocοcJS
νetty/o“′cЮbilJm
MerbyrOmοnas
Л″eめylospわaera
ハrcan′yorax
Fur7dibaCrer
Haノomor7aS
Car17′mo/7aS
Zymobacrer
Baわear″χ
Marrr70mOβaS
確 rinοsp副胴
rveρfυr70“Orlas
Oceaηospi薔llum
ハcrinοbacilrys
Haemορわ′υs
とOβθρ′ηe〃a
Pasretrrerra
PhOcOenobacrer
スcherObacrer
ハcrrleわわacrer
Eη力ydroわacrer
Moraxe〃a
Psychrobacわr
ハzO油′zOρわilus
スzofobacrer
Ce〃1/ibri9
ρresi9“οβas
ρrOreυs
proyiJe,cね
saルηOne〃a
rarυmerra
frabyrsierra
riggleswo″わね
xenοttabdIJs
cο文′erra
rrcke“sFe〃a
rattρrOρedi3
merby/Obacrer
meめyrOcattυ用
膚θめy/ococcυS
meめyrOmメοЮわル用
merbyrOmOnas
meめyrOspわaera
arcarf1/Orax
ル17dilbacrer
力aノ0′770′7aS
cardi9わacrenum
zymοわacrer
azofobacrer
marrnO“Oηas
marrnOspirillu“
/7epry/70“OnaS
oceaηospirillum
acrinοbacillrys
わaemoρわ〃Js
rO″eρゎerra
ρasreυre′a
ρわOCOer70baCrer
acilrefobacrer
en力ydrobacrer
moraxerra
ρSyCわrobacrer
azοttοЛas
azο油′zορわriltrs
ce〃ν′brio
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P力yfr″,         Crass            order            Fam″y         Cenls             Species
PrOreObacreria
PrOreοbacreria
PrOreοゎacreria
PrOreOゎacreria
PrOreObacreria
PrOreObacreria
PrOreοゎacrerra
PrOreοゎacre″a
PrOreοbacreria
PrOreοゎacreria
PrOreοゎacゎria
PrOreοゎacreria
PrOreObacreria
Profeοわacreria
PrOreοゎacreria
PrOreοゎacreria
Profeobacreria
PrOreοゎacreria
PrOreοゎacreria
PrOreοゎacreria
PrOreοゎacreria
PrOreοゎacreria
PrOreObacreria
PrOreObacreria
PrOreοbacreria
PrOreοbacre″a
PrOreObacreria
PrOreοbacreria
Profeobacreria
PrOreοゎacreria
PrOreObacreria
PrOreοbacreria
PrOreObacreria
PrOreοbacreria
PrOreοbacreria
SpノЮ
“
aeres
Sprroめaeres
Spわめaeわs
Spわcわaeres
Cammaproわobacreri2
Ca“maproreοゎacreria
CammaproreObacreria
CammaproreObacreria
Cammaproreοbacreria
Caη7′ηaρroreοbacreria
Ca″7′ηaρroreobacreria
Camttaρroreοbacreria
Cattmaρroreοbacre″a
Ca“用aρroreοゎacre″a
Cammaproreοゎacreria
CammaρroreObacreria
Caη7′ηaρroreOわacreria
CammaproreOゎacr ria
Cammaproreοゎacr ria
CammaprofeOわacreria
Cammaρroreοゎacreria
CammaproreObacゎria
Car,′ηaρroreοbacreri3
Gaη7′ηaproreοわacreria
Cattmaproreοbacr ria
Cammaprofeοbacreria
Caη7′ηaproreoわacreria
Cattmaproreοゎac ri2
Cattmaproreοbacr ria
Caη7′ηaprofeοわacreria
Caη?′ηaproreοわacreria
Ca“maproreοゎacreria
Car7′ηaproreοわacreria
Ca″7′ηaρroreobacreri2
Cattmaprofeοbacr ria
CammaproreOゎacr ria
Ca″7′ηaprofeOわacreria
CammaproreObacreria
Cammaproreοゎacreria
Sprirocわaeres
Spわめaeres
Spriroめaeわs
Spriro“aeres
Pseυdο
"ο
radares
Psetrdomοηadares
Pseυdomοr7adares
石ゎ′Orricヵares
Tわ′Ofric力ares
7わ′Ot″cわares
Tr7ノofricr7areS
7わ′ofricわaノes
Tわ′0[″cわa′es
Tわわ[″cr7aノes
乃わfrichares
Tわ′Otttchares
乃 わfrichares
Tわ′0:百chares
Tわ′otrc力ares
πわ′0["cわares
Tr7わfriCr7areS
石わ′ofric力ares
動′0["c力ares
Tゎ′Orricr7areS
7わわ[百chares
7わ′Ofricわares
7わわfricわares
7わノ0["cわa′es
yibrioЛares
yibri9nares
yibri9rares
yibriorares
Vibri917areS
yibri9r7areS
冶 J7rわOmOradares
Xa′7r力0′770′7adareS
Xa171わOttOηadares
Xa/7めOttOηdares
Xa月ご力οttοηadareS
Sp′Юcわaerares
Sprrod,aerares
Spわめaeねわs
SpノЮcわaerares
Psetrdοttοrladaceae
Pseυσοttor7adaCeae
Pseυdomοηadaceae
FrancFse〃aceae
PiscirickeFsflaceae
PiscirickeFsI,aceae
P′scirickeFsiaceae
P′sc′rickerrsraceae
P′scirickeFsI,aceae
πカメOtnchaceae
Tわ´Otttchaceae
丁わ′ofricわaceae
Tr7′Ofricわaceae
Tわ′Ofricわaceae
Tわメ0[rchaceae
πわ′Ofric力aceae
丁わ′0[“c17aCeae
Tわメ0[百chaceae
ThメOrrichaceae
Tわ′0[″c力aceae
Tわわ["cわaceae
Tわ′Ottc力aceaθ
7わ′Otnchaceae
¬りOtttchaceaθ
yibri9aceae
1/ibri9aceae
1/ib″Oaceae
Vib″Oaceae
Vibri9r7aCeae
Vibri9ηaceae
Xar7ιわοttο″adaceae
Xar7fわ0“Oηadaceae
XanfわomO″adaceae
Xaη
`わ
οmοЛadaceae
Xa月:わomo/7adaceae
Lepわりわ ceae
とeprOsplnceae
leprOsplnceae
と。ρrOsρlnceae
ChγseOttO″aS
Fravilmοttas
Pseυdomοnas
Fra′7ciserra
Cyclocねs″ 髯
Hydrogeηο1/ib″ο
νeめyrOp力aga
Pisciricke“sカ
乃わmicrospね
Beggiaroa
geggねfOa
3eggねroa
geggねroa
Beggねroa
Beggねroa
Beggiaroa
Beggねfoa
leυcof力月文
乃 メOρrOca
乃わめ″x
πわわめ″x
石わわめrix
乃わめ″χ
乃わめ″χ
ハ〃OttOηas
carenοcOccυS
care″οcOcctIS
sarin′vibri9
carenOcοccυS
1/ibri9
ιυre′
“
οηas
IVeyskia
Rわodar7obacrer
Xaη舌力οmοηas
xyrerra
ιeprOηema
ιepわspね
とepわspルa
lepわspね
c力4/seO″ras
fra1/rmοηas
pseυdοttο″aS
frar7C′Se〃a
cycrOcrasricyS
わydrogeηOyilbrfo
merbyrOp力aga
ρおCiHCkeFsia
めわmたrospοra
′
2
3
4
5
6
6
ゎarr7eatrix
′eυcorわ″x
め′ορrOca
的わめ″x
イ
2
3
イ
a〃οttοβas
cam″ηOr7as
carenοcOccυS
sari10ル′bri9
carenοοOccυS
yibri9
ノυreilmοr7aS
月eyskia
r/70daβOわacrer
xaηめomο″as
xyre〃a
reρfOnema
reprOspね
reprOspね
reprOspね
repゎspねSρ′Юc力aeres       sprirocわaeres        SpFЮcゎaerares       Leprosp′趙ceae           Leprosp′趙
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P力yJ″m        Crass           order           Fam"r              Cer″s        spec′es
SpFrOめaeres
SρirOC力aeres
SρわCわaeres
Spわめaeres
Sρ′Юc力aeres
SρわC力aeres
シわめaeres
Sρ′ЮC力aeres
Sp′Юcわaeres
SρrirOC力aeres
SpFЮ
“
aeres
Spたわacわria
7hemorγc obFa
Therηofogae
πわermofogae
Tr7ermOfogae
πわermorogae
Tr7e″ηOfOgae
VerrycοηγcrOわ′a
1/erracomたroわた
SpFЮcわaeres
Spわcわaeわs
SpわCr7aereS
Spわめaeres
SpFЮcわaeres
SpFЮc力aeres
Sp′Юめaeres
Sp′Ю
"aeresSpわめ res
Sp′Юめaeres
Spわc力aeres
Spわめaeres
石わe″ηοη7rCrOわFa
動ermorogae
7heκmorogae
乃ermorogae
πわe″ηofogae
Tわe″ηofogae
Ve“υcom′crobFae
Verrycο用たrobねe
SpFЮCr7aerares
Sp′Юc力aerares
Sprrodうaerares
Spわめaeraわs
Sp′Юc力aerares
SpノЮcわaerares
Sp′Юc力aerares
Sp′Юcわaerares
Sprro“aerares
Sprro“aerares
Sp′Юcわaeねres
Spriroめaerares
乃 e′ηο用たrobねres
乃emOrOgares
πわermofogares
The″ηοrogares
乃 ermorogares
Tわe″ηofogares
yerrtlcomたroわねres
yerrycOβ7たroわねres
Sp′Юc力aeraceae
Sp′Ю
“
aeraceae
Sρ″OC力aeraceae
SpFЮcわaeraceae
Spわめaefaceae
Sprirocわaeraceae
Sp′Юc力aeraceae
Sp″oc力aeraceae
Sp′Юc力aeraceae
Sp″oc力aeraceae
SpFЮcわaeraceae
SpFЮc力aeraceae
丁わer″′omrcrobFaceae
Tわe″ηorogaceae
The″ηοrogaceae
丁わe″ηOfogaceae
πわermofogaceae
The″ηοrogaceae
Ve“υcο″γcroわ′aceae
Ve`rucor7たrOわねOeae
Borre″a
Brachyspira
Brey′r7ema
crisrispね
Sρ′ЮCわaera
Treponema
Trepοηema
Treponema
Trepο″ema
rrepο″ema
rrepO/7ema
Trepοηema
πわermodesυrFobacrenum
石わermο″7'CЮb′tlm
FeMdobacrenum
ceOrOga
PerrOゎga
πわermosrioわο
乃emOわga
Prosfわecobacrer
yerrycο鯛たrobルm
わorreria
brachysp施
breyf17ema
crisrispFra
SρirOCわaera
rrepοηema
rrepοnema
rrepοηema
rrepοηema
rrepο″ema
rrepοηetta
rrepοηema
rゎermOdesy/fobacredum
めermο
“
たrobルm
FeⅣidobacreriυ綱
geofoga
perrOrOga
綺ermosilo力ο
めerttοroga
ρrosttecoわacrer
yerryco″γ rOわノυ用
πわe″ηοdesurFobacreria   石わe″ηοdesυ〃bわacreriares  The″ηοdesυrfobacreriares  Tゎe″ηοdesy/fobacre″a eae
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B.2  DNA microarray for bacterial functions
B.2.l   Gene probes for bacterial functions
Target Function Sequence(5'-3') Accession No.used for design
C120 DNA  Catechol oxidalon(oだわο)
C230 DNA  Catechol oxidalon(mera)
arkB
CACCTATTCGTACttTCCAl~rCGACCCAGTCCCAGTTCAACCttGCGCCGGCGTATCATCAC
GATGGGAAGTACAGCGG丁丁TCCATGACGACATCCCCACTCATTTTTATCGAGGGAAGCTC
TGCACTTCAAGGTGCGCAAGGACGGTTTCGAACCGTTGACCACGCAATACTACTttCCAAG
TACTCCTTCTTTGATAAGAGCCAAACCCCTTACAATTttGCGCCGCACCATTATCCCTGAC
CttCAATTTATttGGGttCGACAttGGTAACCGCCCTTCGCATGTttCACTACT丁丁GttCtt G
CGAATGGAACCTCCGCGGCTCCATCATTGCCGATGACCAGGGCAACTTCCAGATCAACAC
GTCCTAACCTCGATCAAACttCttGAATTttGTTCCGTGATGttGCTCGG7~rT~「GACCT CTG
AGAGCCCAATCAAGAAAAAGGGAAGCTttCATCATCttTTGCTATTGGTATCGCATCCCCCA
GCTAGCTCTAACl~「GC GGAl~FTTATCAAAGCTAAAGCTGAGCCATCCCAGTCAACGTCG
GCCTAGAT~「FCTATttTAAGttGAGCAAGGTTTGGTTGGACCCGATCCAttCCACTCAACCGG
TCGACTAGATCACCTCAACATCACACCCAAGGACGTTGACGACGCCCGTAACttGGTATTC
CCATGGGATCACACGCGGGCAGACGATCTACl~rCl―rc CCCTCCGGCAACCGGAACGA
GACttCACGGCAAGACCAttCTACTTCTTCGACCCTTCCGGCAACCCCAACCACGTGl~rCTG
ACATCGTGCGCCAAAGAGCATCGCTAGAGAGAACAATGCAAACCAATAACAACAGTTCGT
CACATCGTCGTCATGGTCCACCACTACGACGAGACGATGCGC丁丁T CG AGGTACttC
CACCGttGATGTttGCTACACCGATCGACCCTCCGACCTCACGTATCGGACAAAATATATAT
GttGCCCCACCAACACTCCttTATGGGCAATGTAATTTATAAGATGGCAATCCGCGACAGAG
CAAGGCTGGGGAAttGAGTGCTGCTTTTCATGCl~rCTATGGTGGGAATTTTTGGTAAAAG丁
TATATCGAGCATTATGGTCTAAAACCCCACAAAAGAGCGGATGGCAATTACCAACGTACC
CCATG7~「TCCCAAAT7~rGGTCCCCGTTCGAl~rCCGT丁丁 AAGttTACT AAGCTCCGTATG
GATAATGAGTTATttGCAACCCTGGACAATCACCCCAGCATttCCA丁丁CGTCT T GTCGGG
TATCTGCTCATTCAGGCGGttGGTCGGGT丁7~rCCcTccTCGAGATCGttCAACTACATCGAG
Gttl~rccGCCAGTCGGTCTACCAGl~rCCTGCCGCATGCCTACAAGTACAACTttCCTCAGCG
GTGATCCAGGGGATCTACGGC7~rCTcTcTGCTCGACGTGGttCAACTACGTCGAGCACTAC
GTGATCCAGGCCπCAT GGGTTCTCGTTACTCGAAGCGATCAACTACCttCGAGCACTAC
GTAATTCAGGCGGTGTACGGCGCGttCGCTCCTCGAAGTCGTGAACTACGTCCACCACTAC
CAGGACCCGGCGAGTTCACGGTTCGGAGAAAGCttTCTGGACGTTCCTCCCCCGCAGTCTC
GGTCTACGAGGATTGGGGTGGAATCttGGATCCGCCGTCttCGGCAAATATGGCGTCGAGAG
GATCTGATCGGCCTTCACTACGTCCGCACGTCGATCCCCGAATATATCCGCAttGGTCGAG
AACTTCTGGGGTTGGACTTACTTCCCAGTTAACATTTGCTTCCCATCTAACCttGCTCCCA
AACl~rCTGGGGATGGACI~rACTTCCCAGTTAAC丁丁CGttG丁丁CC ATCACA TTCGCttCCA
D37783
D16356
M16964
M57500
Z36909
M94318
AB008831
X67860
D37828
U01826
X69504
U23375
X80765
S78585
L77225
A」233397
U40233
A」009585
」002316
A」009582
」009584
A」009587
A」009580
AJ009579
A」009586
A」293344
A」401611
X55394
U31651
U31653
U31654
arkB&Bィ   Alkane hydroxylalon(GЮup‖l)
ar (´Лレグ
mmoX
ρm酬
Alkane hydЮxylalon(G「oup l)
Alkane hydroxylalon( roup ll)
Methane oxidation
Methane oxidation
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mcr4
am酬
r7ap4
ηarG
17rirK
r7irS
Methanogenesis
Ammonia oxidalon
Nitrate reduction
Nitrate reduction
Dissim‖atory itrite reduction
Dissim‖atory itrite reduction
Dissirnilatory nitric oxide reduction
Dissim‖atory nitric oxide reduction
Nitrous oxide reduction
Nitrogen lxation
Nitrite reduction
Anammox
Dissimilatory(bi)Sulfate redudion
Thiosu!fate oxidation
iron reduction
Manganese oxidation
TGGCTAGGATCTTACATGTCAGGttGGAGTAGGATttCACACAATATGCTACAGCATCGTAT
GACGACTTCACCTACTttCGGTAAGGAGTACGTGGAGGACAAATATGGACTCTGTGAGGCA
TACATGTCTCGTGGCGTAGGT~「丁CACACAATACGCTACAGCAGCATACACCGACGATATC
CGTACACGTACACCCGAGTATGTttCGTCATATTGAGCAAGGTTCACTCCGTACCTTTCG丁
TATGCCTttCATGCGCACCl~rcGGCATGGACGAGCCGAttGGGCttGCTATGACGATTTCGAG
GGACCTACl~rCcACGCAGGTATCCTCGACAACACTGATCCGGACACCGCACAGAAGATAC
AAATGGCATCGATCTGTATAAAGAAGCTGAAAAAGCAGGGCCACCAACACCTGAAGACCT
CAGGAATTCCGCCAGGGCGACCttCTACGACCl~rcAGGAACGCTATGttGCTGCTGttTCGAC
CCATGAATTCTTCCTCAAGTATCTCTTAGCCACGAAGAATGGCCTG7~rCGCCGAGGAAGA
CGGCAAAGGTCAttGAATATTTTCTGAACCACl~rGCTCGGCACGACTAACGGACttGATCAA
CTGGCGTttCTAACCTCCTCGG7~rCTTccGGTAAAGGttCATGAG丁丁TA GCTCAAGTACCT
CTCACCGCCAACGttCGGCGAGACCGTGCTCCTCATCCACTCGCAGGCCAAttCCCCACACC
TTACTACACGTTCCAGCAGCCCGGTATCTATGCGTATGTAAACCACAATCTGATCGAGGC
CTATGACACCGTCTATTACATCGGCGAGAGCGACCACTACATCCCGAAGGACGAGGACGG
TATATCCCCAAGGACAAGGACGGCCACTACAAGGACTACCCGGACCttGGCGTCCAGTTAC
CTCACGTACGACAAGATCTACTATGttCGGCGAGCAGGACTTCTACGttGCCGAACGACGAG
GAACGTCAAGGAAACGGCCAAGATCCTGCTGGTCGACTATACCCACCTCGACAACCTCAA
CACATCATGCTGGTCGACTACACCGACATCAAGAACCTCAACACCACCACCATCGAATCC
GAGTttCATCGttCAACGTGAAGGAGACCGGCAAGGttCCTGCttGGttCAACTACAAGGATATC
CAAGATCCTGATGGTCAACTACTCGGACl~「GTCCAA CTGAAGACCACCACCATCGATTC
TATCAGTATGTCGACCTGGGCCGGCttGTGGCAGATCGGCAAGTttCGCCCCCATCCTCATC
CATCTTCTCGAGC7~rCGAGATCGttGCCC丁丁CTTCG CATGATGTCATTCGCCTTCGTCAT
CTCCACATGTCCTTTACCGAGGCCAAGTATGACGGCCCCttTCCTGTTCATCAACCACAAG
GGAAGGCACCTATGACGGGCGCTATCttCTACGCCAACGACAAGGCCAATACGCGTGTCttG
CGATGCCTATTCCCGAAAACAACGCttCAGGAAATCTACATCGTCATCTCCGGTGAGATGA
GGAATATGAAACCttGGACAGCGGGCATTCACGGTAAAAACAACGTGACCTGTATCGACttG
丁GCATttGATAACCTGCC丁丁丁GACATGGGAATAACTGCGl~「TCGAGCAATCGGAACTACCG
AAAGATGGCATTCATATCl~rccGGGTACAATCCCGAAAACCCGATGGCAAACCGTATCAC
ACttGCCT~rcAAAACTATCGGttCTCGACI~rCGAGAGACGTGAGTCGAATTCCGAGTGTAGA
CAACAGCATCAATGATCAGTACGACCTCttGCACCAGCttGCCACACCGttCAACACCATGAC
GTCTACGAGACGGTGCAGGATCCCAACCAGATGAACGG7~rTCAACTCGGttCGGCCGCTGG
」03375
U10036
M16893
L08050
Z36773
ハ」277440
X91819
Z26255
B096694
AB087407
X16181
F051831
Al197294
U62291
Z21945
Z48635
A」401462
M80653
X16452
X91394
F002661
U28078
A」440508
A」440509
V01215
X72298
AJ250882
U16723
Y16933
AY033095
Z25774
9ηοrB
"or3
ηOSZ
η尉
17r/1
16S rDNA
dsMB
SOXB
FeM
孵0鵬
B28
rpm
ca酬
ρCOR
ρわaZ
mer/1     ndercuric reduction
Selenium methylation
Cadmium resistance
Copper resistance
PHB depolymerization
Hydrolysis of peptidic compound
Hydrolysis of peptidic compound
Hydrolysis of peptidic compound
Hydrolysis of peptidic compound
Chlin depolymen10n
CAGCAAGGTCACGGCCCTGGCGCGCAATACCTTGTTCTttCCGttGAACACCCGGCCATCGG
GTTGTGCACGGttGAGGCGCCCTTCAAGGACGACCAGAGCCTTACTGttCCGlllGAACGAG
AGTGCGGCCGTGCCGCCGATTCCCGGACTCCAAGATACCCCC7~rTttGGAACTCGGAAAAG
CATGGAAGGCATCCTCGAACACCTATGGCCATCACCAlllTGCCCGGCTACCCCCGTTTC
丁丁GAACGCCGGATTGGAGCGTATGGATGACCACGTttTATGTGTTGGAACGTGttGTAACTC
ACTACACTCCGATCATTATGGttTATTGCACCCTttGGTTGCAGTCGTTCCACCCCTATttCT
GATCCGT~「CGGGGAAGAACATCCATCTCACCCGTAAACAATACGTTCTGCTttGAGttTGCT
TCTATCGCAACGGCAACAAGGCCAACGCGCTCCCGGTCTCTGCCACCACCTATGTCGATG
CCGTATCGGCCACCACGAAATCGGCCl~rcACCTGTACTGCCACCACGGCCACCAACTACG
GTCACGCCCACCACCTACACCGACACAGGCCTGACCACCGGTACGGCCTACttCCTACACC
CTATACCGACACCGCCCTGATTGCttGGTACCACCTACAGCTACACCGTAACCGAGAttCGA
GGCAACGACACCCTGGAC丁丁CttCCGGTTTCACCCAGAACCAGAAGATCAACCTCAATGAG
AACAATGCATTCTGGAACCCATCACAGATGGTATACGGAGATGGttGATGGTGTAACGTT~r
TACTGGTTCTACACCGCTGAAAACAGTAGTTGATAAACCGGΠT CAGC G ATCGTCGT
T~rCAACAGGAACCGCCCAATATAGCttGGATTATTAACGGCATTGAGTGGGCCATT~rCcAA
GTGAAAGAGTTCCttGCAGACCTGGAAGTTCT~rCGATGGCGTCCATATCCACTGGGAGTTC
CAGCAATTGGCGTTGGTTACGACAAAATttGAACACGTttGATTACGCAGATGCTGttGCAG丁
ATAACGGTATCCAACTTCTTCTTGCTCAACGCG7~rCCTGCGAACAACCTAGTCCTTGGTA
CTGAAACAGGCCGTACttTACGAACTGACATCGGCAGTAGGTGTAGCCTACGACAAGATTG
CATATGGG7~「丁 ATCCCGTGGAl~FTAGACTGGGAATATCCGGGCG7~FGAAACGAl~rCCTG
TAAACCCCAGATCGACGTTCAGGAACAAATCCGCAGTCCCGTAGATTTCCTCAAACAGTA
CttCCAACACATGACATTACGCCTACACCTACACCTACTCTttGAACCAACGCCttGAACCAA
GGGCATttCATGGGCTGGTTGCAATCCACATAATGATGGGAAAATGGTTGTTGAGAAttGGT
A」418049
A」418052
A」418056
」418057
L49178
」04551
X83541
U16275
」04223
U58990
D25315
AB013895
M83910
S51909 1
S51909 2
AY040610
AF193498
AB004935
AF193500
AY129671
ABl10082
Z68924
B 000028
apr
ηρr
Sυわ
strわ
め船
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B.2.2  Prirners used to prepare template for bacterial function gene array
Target gene Forvvard p‖mer Reverse p‖mer ↑』凧:1期   Reference
C120 DNA
C230 DNA
arkB
aノ´(Лレグ
ark3/arkBィ
“
孵OX
ρ孵馘
mcr4
am酬
ηapA
/7arC
ηirK
r7′rS
9ηOrB
Cr70rB
ηOSZ
η胴
r7″ハ
′6S rDrVA ttηa孵孵OX9
ds′スB
SOXB
Fe鵬
ηO“
meM
rp用
ca酬
ρ00R
ρわaZ
apr
17ρr
SJb
Sυわ
c力И
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B日3  Pathogen bacterial probes
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cemerra
Ceοbacilrys
わydroめerJ77ariS
ゎresrinaris
prleυttοsfr7feS
Ir7ylsus
βodosυ
ρ′grum
rarcraィcra′tri gro“ρ
re″fa grO■ρ
cヵareersls
ewfr7grr
rrsticil
can′s
e9Jr
mυrrs
Ser7月erSυ
co′Jttηarrs
branc力′ορ :lum
力わnSOrねe
geriJillacυs
frexilis
aggregar7S
o1/o//icぉ
group
rurarersぉgroィρ450
ρわ′b膚′ragiaイ50
gοηidiaForme
r7aVilFOrme
recropわο晨ソ′ηス
ηυcrearυmハ
ρerfodo17″cυ膚
srm′ae
yarrum
e9‖ηυm
moriFertlm
r7eCrOgenes
necrop力ο屁′′η3
ηυcrea"用B
ryss″
νノcera″s
yagi19aris
νοrbrillorum
pararicaηぉ
わaemorysans
bergeri
sa″gJInls
srearOrゎe mορヵrilys
EηrerOcοcυS
Eηferococcus
E「7rerOCOcctrs
Enferococcus
Er7ferOCoccJs
Enferococcυs
EηrerocOcctrS
EηrerocOcctJS
辱〕e″fわrOzOoρ
Epeッカrozoοη
EpeったわrozοO17
Epeッカrozoo″
Epe″fわrozooη
Ewi19ね
Granulicarerra
Cranulicarerra
Craηυ″carerra
Haemobaわηe〃
Haemοわarone′′a
Haemορわ′υs
Haemοわa″οηerra
Haemoρわ〃υs
″aemορわ〃υs
″aemOρわ′υs
月aemOρわ′υs
″ae1770ρわ′υS
Haettορ力rilys
″aemoρ力″υs
Haemορ力〃υs
HaemOρ力〃υs
Haemορわ′υs
月aemορ力〃υs
Haemoρわilys
Haemoρわilus
Hae力ορ力illyS
Haθttορ力〃υs
″aemορわ〃υs
″aemορ力′υs
Haemορわ′υs
月aわね
″eノcocOcCtIS
″e″00bacrer
月eノ′cobacrer
He″cobacrer
″e″coわacrer
dispar
Faeciυ用イ
fravescens ga/ri19arυ
“わirae
ρa〃er7s
pseυdoayJJm
ro“ae
sOrilarryS
COCCO′deS
spp.
oyrs
wenyor″
SυIS
amyrOyOra
adiacers groッρ
eregars
baraenορrerae
feris
Car7′S
SOmf7ys
mυrrs
segη′s
ρarasy′sB
ρaragarrina″
“′fryerzaeB
aegypr′cys
aρ力rop力ilus
わaemog/ob′ρOρ力ilus
ρaraわθ
“
OIプiCυS
paraρわroわaemοlズiCιβ
ρrSCrυm
parasυisA
ρaracυη′ctrrys
fr7Frυer7Zaeハ
acri90mycerecomilaηs
ducreyi
わaemO//icυs
paralηfrυe17Zae
ρaraρ力ropわ:lus
arye′
υ々ηzrr
bizzozeron″group
cerO″
“c′ηaedi
e々pa″ctys
Eυわacrenum
Ewinge〃a
Fackramね
Fackramた
Faecaribacreriv用
Faecaribacreriυ
“FiliFacror
FiliFacror
FiliFacror
Finegordia
FinegO/dia
FravimOr7aS
Frayobacゎriv鯛
FrayobacゎrilJm
F′avoわacreril」m
〃e′FcObacrer
〃eめaspinllum
月erbaspi薔Ilυ用
」0わr7SOne″a
」o月esra
Kinge〃a
Ki19gerra
Kilnge/ra
KreわsFerra
K/ebs′erra
KrtJyyera
KIIJwera
κ●″era
Lacrobacil1/Js
Lacroわacil1/ys
Lacroわacri1/Js
Lacrobacillus
Lacroわacil1/Js
Lacrobacillys
Lacrobacilrys
Lacrobac〃υs
Lacrobaci1/ys
Lacroわacillus
LacrocOcctls
Lacfococcas
LacrocOccょs
Lacrocοc tls
LawsOηね
たθcrercia
■egi9月e〃a
Leoわηe〃a
sυrc′
amerrcar7a
わοmfi9お
sourekii
ρraυsηたz〃ハ
ρrausηiセli B
arOc′sハ
yilrOsyS
arOcたB
magηaハ
magηa〃B
OγZ∴わabjね月s
co′EImnarrs
mfzIJra″
ρsychrop力ilum
feris
rυbrrsubarbicars
seropedicae
rg/7a1/a
de″it百■cans
de,it"■car7s
oraお
にngae
pr7eυ鯛0/7′a grOllp
OX/OCa grO叩
c“crescers
ascorbara
georgra″a
ac′dop力:lus
わυc力nerf
de/b″ett grotlp
ノeηser〃
ρ/arrarum
β′ger
breyls
caser
gasserf
訪amr70StrS
gaЛ″ae
ρranfar憮
rac″s
晨ガ爾ηO′acris
rinfrace〃uraris
adecarbox//ara
aderaFder7SiS
aderaFdensたイ50
B34
Ge″s SpeCies Ep′:わer Ce″s SpecFes Epたわef
Ceobacillrys
Cordonね
Gordor7′a
Cοrdoηね
Gorcronね
GOrdonね
Gordorね
たegi9ne〃a
ιegi9月e〃a
■egi9ne′′a
ムegi9r7e〃a
ムegわ″erra
Legわηerra
■egi9ηe〃a
■eg′one〃a
Leg′Oηe〃a
leg′οrerra
■egi9ne〃a
ムegわηe〃a
とeg′o月e〃a
Legi9nerra
Legi977e″a
ιegi9ηerra
Legi9月erra
Legi977erra
legi9ne/ra
Leg′Or7e′′a
Leg′or7e〃a
legi9/7e″a
Legi917e〃a
■egi9ne/ra
■egi9月e″a
とeg′Or7e〃a
ιegi9ηe″a
■egわne〃a
legノoβe〃a
legiDηe〃a
ιegi9ηe〃a
Legio4e〃a
legi9/7e″a
■egわηerra
Legi9ne/ra
とegi917e〃a
legi9r7θ〃a
ιegi9/7erra
Megasρわaera
rヵe″ηο′eO1/ora17s
a′cわFersls
amarae″ハ
amarae〃B
わroncわねris
spυri
ferrae
bittens′sイ50
bυsar7ensls
bυsaηθηslsイ50
“
erii
c力e″i450
Cr7erriiDAr56
cincinf7atier7SiS
cincin″ariensisイ50
cincinηariensisDN67
dOnardsOn″
dOnardsοJ7″450
dumο″
dυ
“
OFi145θ
erf7ra
e″tわraイ50
Faj‖erder7SiS
Faitterde/7SiSイ50
FaFtterde/1sisGTC698
Feere″
Feere″ィ50
Feere〃DIV52
geesriana
geesriaηaィ50
gοrmaη″
gοrman〃イ50
grariar7a
grarianaィ50
カacke″ae
わackeriaeイ5θ
lsraerens′s
isttere″sおィ50
たraerettsたDIV6′
力meSfOWr7′θρS′,S
力層eSfOνγηわnsisイ50
ノOrda17Fs
ノOrdar7′S450
ranSfr7ge,SIS
/ansinger7SiSイ50
e/sde″″B
He″cοわacrer
″e″coわacrer
月ericObacrer
He′cobacrer
He″cobacrer
″e″cobacわr
″e″cοわacrer
■egio月erra
■egionerra
ムegiore〃a
■egわηerra
Legi9ne〃a
Legi9ne〃a
とegi9月θ〃a
Legi917θ〃a
legi9ηe〃a
Legi9r7e〃a
■egio″e〃a
とeg′οnerra
ムeg′οne″a
■egi9ηe〃a
Legわηerra
■egわ月erra
ムegメOr7erra
とeg′οηerra
■egFοβerra
■egわ月erra
Legわηerra
legわηerra
■egiOr7e〃a
Legわηerra
legわηerra
とeg′οnerra
■egi917e〃a
Legi9月e〃a
legわηe〃a
■egわηe〃a
とeg′O17e〃a
ムegione〃a
legわηerra
とegわnerra
ムegi917e〃a
Legわηe〃a
legi9ηe〃a
legiOr7erra
Mycοbacreriv177
ρJr/0`υ用
pyrO″
わ〃is
carrs
chοrecySfyS
力eilman月″
用ysrerae
ノo17cノ″7renS′
rOndゎゎηsis450
ノ0′7gbeaC′7aθ
ノor7gbeac力aeイ50
らだ′Ca
lいcaイ50
maceacわe御″
maceacわe″7″イ50
″たdadei
r7′Odadei450
moravica
morayrca450
/1aυran′η
naυra晨″ηィ50
οakrrdgensIS
Oak″dge17sisイ50
ρarrsfens′s
parrsrensls450
ρηeυmορわ′a
ρneυttOρ力′a
ρηeυmορ力″aイ50
frase″ρascJ/re
pascunlli,fraserii
fraseri450
9uareilrensls
9υarerirensisイ50
9υゎriran″
qυ′η″vaη″イ50
`υ
わrillycer7S
rυbrillycersイ50
sa′ηfわerens′
sa′ηrゎereβs′ィ50
saβticrucis
sanficryc′sイ50
sa″ticrucisDAr63
s力aんespeare′
s力akespeare′45θ
sわattspeareiCTC70′
maノ′ηOense
Ce″s    Spedes Eptter
LegFOηe″a             aβ′sa
Legi9月erra
LegiDηe〃a
とeg′o月erra
Leg′or7erra
■egわrerra
■egわηerra
ムegわ″erra
Leg′οβe〃a
とegわβerra
■egione〃a
Legi9ne〃a
Legi9ne〃a
Legi9r7e〃a
ムeg′0″e〃a
Legi9月e/ra
Legi9nerra
■e〃3o,fa
Lepわspね
とepわspね
Lepわsp施
Lepわspね
Lepゎsp施
■epわspね
LepわspFra
■epわspた
とepわspね
Lepわspね
たepわsp施
Lepゎspね
Lepわsp施
とeυcofわ″文
とぉreria
とおferia
とぉreria
lたreria
とぉreria
とぉreria
ムおrorerra
Mar7ηわθ″ηra
ManηわeFmね
MarinospFril1/J177
νegaspわaera
νegasp力aera
νegaspわaera
νycOρrasma
a月′sa450
birm′ng力amer7s′s
わルη7′ηgゎamensisイ50
bοzettaЛe group
わοzemarlae450
brυ″ensls
spFttβsis
spル責e,sisイ50
sreOef7arfii450
rυcsοner7SiSイ50
rycsO17ensisDrV68
νyadswoだわ″
wadswoだわ″イ50
wadswo崩わ Ar57
wOrsreゎβsis
worsreFersisイ5θ
xyri
b′exa
Faわe′
hada′
kirscわηerf
r70gIIcわ″
saηrarOsa′
wOrbacヵ″
わοrgperersen″
illin′
′ηrerrOgans
meyerf
ρaNa
腱 ″
mJcOr
′βηOcυ′a
mOηOc/ogereS
wersゎ′me″
grayf
l1/ar70yff
seerigeF
angyillrarυ″
わaemoryfica
granaromaris
1 7egarerrtlm
ersdeβ″ハ
″7′CrOnυciFO″η′s
cereyisiae
Ca171S
B35
Cer″s specFes Epたわef Ce″s Specfes Ep′1カer
νe′ssοcOccas
Mi餅obacreriυm
MicЮわacrerilJm
Micromonas
MilsIJoke〃a
MilsυOke〃a
Moわ〃υЛcυs
MOわ〃ur7CJS
Moraxθ〃a
Moraxerra
Moraxerra
Moraxθ〃a
νοraxe/ra
Moraxe/ra
Moraxerra
νoraxerra
Mycoわacrenum
Mycοbacre″υ用
MycOわacrerilJ用
Mycobacrerivm
Mycobacre″IIm
Mycobacfe″υm
MycobacreriLr用
Mycobacわrium
MycObacrerivm
Mycobacrenum
Mycobacre"um
Mycobacrerivm
Mycobacrerivm
Mycoわacreriv用
Mycobacわriv“
Mycοわacreriv用
MycObacrerilJ“
Mycobacreriv廟
MycoわacreriLIm
Mycοわacre″υm
Mycobacわ″υ用
A/ocaだja
Nocaだia
rvOcaだia
Arocardi9pSIs
Obesυ
“
bacreriJ廟
Ochroわactrum
Ochrobacrrυm
Ochrobactrum
Ochrobactrum
ρルfOr7′ys
scゎreゎ″
aυ晨ノ′η
mたros′メ
mtrrrac′da
Jaraルdi19″
用u/ieris
ctlFisif
bOyls
oyis
osノOer7SiS
raCJ/7ara grO●ρ
arraηrae
cararrharis
ηo月″9υeFacFer7S
cayrae
abscessus
ayftrm
bra″deri
cera"用
cゎerOttae
Farc′ηοgeres
fravescens
fo″υttm
gasI″′
genaver7Se
gordorlae
力aemορ力ilum
ゎreヴectum
ゎrermedium
′ηfrace//J/are
わfrace″υrareハ
わfrace//Jrare B
たansas〃
kansas′′group
reprae
repraemυ17Jm
ηO1/a
OriliJisca1/iartl層
serforae
dassonyilreF
ρrOreυs
a″めrop′々B
rinfe“7edium
anめropメ々
anめroo′C
Mycoわacrerivm
MycOわacreritrm
Mycoわacreri″孵
Mycobacreriv用
Mycobacreriv膚
Mycobacre″″鯛
Mycoわacreriυ孵
Mycobacre″IJm
MycoわacrerilJ“
MycoわacrerilJm
Mycoわacre″υm
Mycobacreri1/m
Mycoわacreriv用
Mycobacreriv用
Mycobacreriv用
MycObacreriy膚
MycobacrerilJm
MycOρrasma
Mycoρrasma
MycOρrasma
MycOρrasma
Mycoρrasma
MycOρrasma
MycOρrasma
Mycopね鋼 a
MycOρrasma
MycOρrasma
Mycoρ/asma
Mycoρrasma
Mycoprasma
Mycoρras″a
Mycoprasma
MycOρrasma
Mycoprasma
Mycoρrasma
Mycoρrasma
Mycoρrasma
Peρfonfio力rilys
Peρわ″riD力rilys
PeprOЛriDゎrilys
PeρforilDわillys
PeρrOηriDわrilys
PeρrOsfreprocOccys
PわofobacrerilJm
PわOfobacrerilJ“
Pisc′nckeFsra
marfηυ″l Jrcerar7S
mυcogeη′cυm
r70r7Cわro′ηOgen′cυm
parartrゎe cノosた
ρeregrl,IJm gro″ρ
ρorcrrym
scro″aceum
scrofaraceum
sわrimο′creノ
slmrae
smegmaris
Sρわag″′
szJrga′
tubercuros′s
fybercυ′osis comprex
yaccae
xeroρ力′
dispar
Fatlcrtlm
fermer7rarS
garrina″m
geη″brilJm
力aemoFeris
わyopreυttοη′ae
わyOSyr70Viae
たaわηe′
mereag″dis
ηθIJroダFcυ膚
ρenefrans
prrmatum
ρυfriFaCメer7S
sa″yarfy“
νЮryon″
agaracriae
a″力威書dis
bOyirhわた
わOyocυ″
ゎdOric“
′acrilmaris
asac“aro4/た
“
ハ
わare′
′yO″
aJ7aerObius
ρ力OSp力Oreυ
“〔メそ〕′77Serae
saノmon′t,
B36
Ce″s           Species Ep′1カer
Mycoρrasma        cοlumわrinasare
Mycoprasma
Mycορrasma
Mycoprasma
Mycoρrasma
Mycoprasma
Mycoprasma
Mycoρrasma
Mycoρrasma
MycOρrastta
Mycoprasma
Mycoprasma
MyCOρrasma
Mycoρrasma
Mycoprasma
MycOρras177a
MycOρrasma
Mycoprasma
Mycoprasma
MyCOρrasma
Mycoprasma
Mycopね(湖a
MyroFdes
IVe′sserra
rve′sserr,a
Nersserr,a
Are′sserr,a
Are′sserra
AIθ′ssera
Arersserra
Arersserra
Arersserfa
AreorickeFsia
AreOttcにぃia
Arocadia
rvοcardia
Arocardia
Preyorerra
Propわ″わacre″υm
Propわηわacreril」m
PrOreυs
ProわIJs
Proyidencra
Proyider7Cra
PseυdοarrerOmοβas
PsetldoarrerOmο″as
farcOn
feris
″Occυ′are
ga〃iseρf′cυ用
わaemocar′s
わ0用わた
わyOrr7わた
′owae
ri100pわ伽 m
mycol」es
Oraris
ρneumOη′ae
ρ」/10rυ孵
ρ1/1mοηお
syno1/fae
arkarescer7s
bOイヽigeriね〃υ用
わo1/is
bυccare
caprfco′υ″7 Suboρ.
CO″υηCrivae
οdorarys
Frayesce,s′′group
rgElaηe
menわgitidis gro″ρ
S′CCa
erOngara″
gοηorrhea
racramた
mIIJcosa
wea1/er
Ser7月erSυ
ゎerm′ηォゎοeca
asrerOids
bras′″θЛs,s
Farcrn′ca
ra17nerae
acres
ρrop′or7′cυs
mたわ胎
yargarrs
aノcariFaCわηS
sf“膚
ρたcicida
arra17fiCa grotlp
Ce″s Specfes Ep′1カer
tr■ici
ullliA
ullilB
ぉυrsυgamySわ′
力rinofracわeare
ροlymμa″
/aryae
fr7ね
“
わOr/icIIs
agg′οmerars
a/7arariS
berryae
mJ/foci」a
ρηeυmοfropたaB
resfυcri19ぉ
maF″′
dagma″●
aerogeres
caba〃′
ρηe″孵Ofropたa/1
ρreυmorropFca C
sfomaris
garrinarum
canfs
cカリsanttemF B
cacricida
carOrOソOrυ″7 SubSp.
carofoyorum subsp.
cわ″sar7拗em′ス
asacc力aroγiCtt B
ρわenyrpyrayicus
ρFckeFii
sο′attacea″孵
ρran″cOra
rattayiハ
fox′cυs
frar7′OυS group
rattayi B
tritici
saノ
“
Oβrinarmス
Sar′770ηわa″mB
racri9ゎacゎr
めたOgeJ7eS
e9υ′
e″fわroρo/is
Fascrar7S
Ce″s            Specis Ep′〔力er
Presi9鯛οηas        sわoerrOFdes
Ce″s specFes Ep′1カer
Oc力robacrrJm
OrSer7e〃a
O′sene〃a
Orienfia
om′rゎοbacreriυ用
Paeηわacil1/Js
Paeηわacilrys
Paenわacilrys
Pa/7わea
ParrOea
Pasreυre〃a
Pasreυ′rra
Pasreυκrra
Pasreurerra
Pasretfre〃a
Pasreυre″a
Pasfeyrerra
PasfetJre〃a
Pasreurerra
Pasfeurerra
Pasreυrerra
Pasretrrerra
Pasreure〃a
PecrObacrerivm
PecrObacreriJm
PecrObacreri″孵
PecrObacrerた″η
PecrObacreriυ綱
Pepわρfioわ〃υS
Psychrobacrer
RarsfOnね
RarsrOnね
RaOυrrerra
Raめayibacrer
Rattayibacrer
Raめayibacrer
Rattayibacrer
Raめayibacrer
Re月′わacrerilJm
Re月わacrenum
Rわ′zOb′υ孵
Rわ′zObium
R力Odococcυs
RhOdococcυs
Rhodococcυs
Pοrphy7omοηas
Porpby/omοβas
PO″力yromOβas
Porp力yromo月as
Porphy/o鯛οηas
Porphyromonas
Porp4y/omO″as
Porpby/omoηas
Po″byromO″as
Porphy/omοηas
Porpbyrοttοηas
Porpわyromοβas
Preyorerra
Preyoferra
Preyorerra
Preyorerra
Preyorerra
Preyorerra
Prevorerra
Preyorerra
Preソorerra
Pre1/oわrra
Pre1/orerra
Pre1/oferra
Pre1/orerra
Pre1/orer′a
Preyorerra
Preyorerra
Sarcrr7a
Sarcrr7a
sere月Omοβas
serenOmOr7aS
sere170mOr7aS
serenOmO17as
Serraria
Serraria
Serra″a
Serraria
Serraria
Sプラewa′7erra
S力eνγa17er′a
Sノackb
Sノactta
Spわi19gobacreriv用
SoわαOわacreriL″η
asaccわaro4ガC“
θndodOβfaris
reyii
cafonfae
gわgryaris
car7surci
macacae sa″yosa
canls
crrcυttder7raria
gυ′ae
cangi19gryaris
Car70rrS
bγar7rii
bυcca″s
bFyi2
bυccae
denfaris
corporrs
deЛricOra
dis′ens
わfem7ed′a
meraηゎOgenたυs
oraお
″
“
わたora
veroraris
′οesc力e″
,Igrescers
οrrs
yer7frfOJri 3
yeηrrrcJriハ
f/JeggeF gro叩
″mfinanttum B
rumわa17tium/1
spυriger7a
grfmes″
marcesce,s
rJbjdaea
ri7JiFacFens
profeamacurans subsp.
ρtlfreFac′er7s
argae
exrgυυa
わe″ofriloredυc rs
spノ屁′yorυm
″7′Z"ae
PseυdOわυryriribri9
Pseυdomo17as
Pseυdοttοr7aS
Pseυdomοnas
Pseυdomοηas
Pseυdomo/7aS
PseυdottοηaS
Pseυdomo/7aS
Pseυdomοttas
Pseυdomοβas
Psellldο
“
οηas
PseυdOttOηaS
Pseυdomo月as
Pseυdomo月as
Psetldomoηas
Pseυdomοnas
Pseυdomοηas
Pseυdomοηas
Pseυdomοttas
PSeLrdOmOnas
PseυdomοЛas
PseυdO“Oηas
Pseυdomor7as
Psetldomorlas
Pseυdomοnas
Pseυdomοηas
Psetrdora′η′b crer
Psychrobacrer
Psychrobacrer
sraphyrOcOccυs
sraρbyrOcOccυs
srerOrrOpわοttο″aS
Sfe″ofrop力οmοηas
sre170rrOpゎοttοras
srreprObacillrys
Sfreprococcυs
Sfreprococcυs
Sfreprococcυs
srreprOcOcctls
Sfreprocοccυs
Sfrepわcoccυs
srrepゎοοcctls
sreprOcOccυS
srreprOcOccυs
Sfreprococcυs
″″′′S
ρυricraィ30
ρ′ecog′οsSddaイ30
cic力orii′30
yiridiFrayaイ30
mettdoci19a′30
ρ′ecogrossicida′80
1/irrdiFrayaイ8ο
srυfzeri 3′8θ
arcari9e17eS′80
cichorii′80
s乱′fzeriスプ80
angυilliseprFca′30
sfIJfzeriスイ30
aノcaligerles′30
syrfrgeF30
marg′ηaris′30
aerugiloosa′30
frυOrescens 730
mendocri9a′80
margina″s′8θ
fryOrescersイθ0
Syrfr7ge′80
ρυridaィθ0
ar7guilliseρr Ca′80
aerag′ηosa′80
aracrOyFcυs
im/ηOb′″s
graciaris
simυ′ar7S
X//OS″
ma′fopわrilia grolρ
清′zOρ力〃a
nた″1′κdIIcer7S
用Oη′瀬9五mた
attgrnosυs
ca/11s
"sね
ftls
dysgaracriae
e9υ′ηυs
gordo″″
わねe
macacae
mυratts
parasattgυr7rs
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